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THE SIGH OF 
GOOD WELDING 


Welding the underside of a Transformer tank 
Welded hy ; Jenkins fabricate fractionating columns, heavy pressure 
s : vessels and similar large plant up to 60 tons 
Boring capacity to the following limits is also 
available 


' Boring spindle 7 
Longitudinal traverse 5° 4 
Transverse traverse 11° 0 
Vertical traverse 9 0 


Maximum facing diamete 8s 0 


Welded fabrications and fusion-welded pressure 


OF ROTHERHAM 3 © wesseisiotie requrement of Lord's Class 


1.5.M.F., A.O.T.C. codes and similar specific 


ROBERT JENKINS &€ CO. LIMITED ROTHERHAM 





A TOUGH ASSIGNMENT... 





again ROCKWELD 


ELECTRODES 


ROCKWELD LTD., COMMERCE WAY, CROYDON, SURREY. TEL: CROYDON 7161 (5 lines) 








CO, process by courtesy of Quasi-Arc Limited 














ating the FUS ARC 


Photograph illustré 


The use of low pressure CO» gas as an inert shield in 
the welding of steels is increasing. CO) is not only 
cheap — it enables high quality welds to be made in 


the shortest time. 

Where automatic welding machines have been specially 
modified to use this technique, the simplicity, ease of 
slag removal and high speed of welding have been 
found most impressive. On one differential housing, 
for example, welding time has been reduced from 105 
to 23 seconds. 


WELDING 


The Carbon Dioxide Department of the D.C.L., with 
30 years’ experience of supplying CO, to industry, 
installs and maintains all necessary storage and gas 
supply equipment for CO) arc welding. 
Single 28 lb. cylinders are supplied for experimental 
purposes. For continuous operation multi-cylinder 
racks are available discharging into a manifold. A 
typical transportable rack gives a continuous supply 
of gas at each of 4 points with individually controlled 
flows up to 6 Ibs/hr. CO) is also available in solid 
form for use with ‘Cardice’ Converters. 
All enquiries for further information should be addressed to Bulk liquid can be pumped direct from the Company’s 
THE DISTILLERS COMPANY LIMITED road tankers into customers’ static tanks (of capacity 
oe 1} or 6 tons) without interrupting the flow of CO; 


to the operators. 
Devonshire House, Piccadilly W.| 


Telephone : Mayfair 8867 





Depots and Branches throughout the U.K. 
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By reason of their low rate of flame propagation, large 
volumes of fuel gases such as Propane, Pyrogas, etc., can be 
safely mixed with Oxygen without the danger of the flame 
back-firing. The larger the volume of gases mixed, the 
greater the flame and the resulting heat value. The new 
B.I.G. PROPANE Heating Torch uses this principle with 
truly remarkable results. 


Where large volumes of heat are required this portable unit 
with its terrific heat has unlimited applications in every 
Engineering Industry. 


British Industrial Gases Limited 


700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 24128 





5} 


Sales and Technical Assistance available in most areas 
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NVICTA 


British Code No. E. 217 (B.S.S. 1719) 


— A , cod i ‘ 
“LLU | '\ 


Approvals 


Complies with B.S.S. 639, 1952 


Fast running at comparative low currents with excellent pene- 


ies : oo . tq “PEE ‘Ay? . - . 
BRITISH tration make the Invicta “SPEEDWAY” the most economic 
Mild Stee! — All positions Electrodes. It is unsurpassed in the arc welding of Mild Steels 
h Corporation Ree 

All positions 
Ministr of Transport \ 


NOR 
Det N wh yp general engineering work, simple operation and easy slag 
et Orske eritas t ° - ? / 


and as a useful application in the joining of Structural Steels 


and Steels to B.S.S. 968 and B.S.S. 970 (E.N.14). Excellent for 


Also for welding removal! 


quaiit 


re } ” t Write for full details of the complete range of INVICTA Electrodes whic h 


cover ever ndustrial purpose 





/ 
“ 
Viemi 


INVICTA ELECTRODES LTD., BILSTON LANE, WILLENHALL, STAFFS. Telephone: James Bridge 3131. Ext. 308 
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Solving 
the problem of 


(DLE CURRENT | 


to give you the same power 


for less money 


The Problem: How to eliminate the idle current consumed 
by motors, welders, transformers, etc. In other 
words, how to improve Power Factor. 


The Solution: BiCC Power Capacitors: these idle current 
neutralizers improve the power factor of industrial 
loads with minimum inconvenience and expense. 


The Advantages: Lower Electricity Bills — reductions in kVA 
demand charges or average power factor penalties 
are considerable; in fact BICC Capacitors 
usually pay for themselves in two to three years. 
Reduced Current Loadings on cables, switchgear 
and transformers, enable additional loads to 
be connected or losses to be reduced. 


BICC ‘MW’ Capacitors are small, compact, 
highly efficient and easy to install. 

Cc Oo Our Publication No. 401 gives you further 
information. It’s yours for the asking. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED - 21 Bloomsbury Street, London, W.C.1 


MARCH, 1959 5 














Quasi-Arc’s million miles 


In recent years Quasi-Arc have made another million miles of 
manual electrodes—more than enough to stretch twice the 
distance to the moon and back. That’s a tremendous number of 
lectrodes in standard lengths, and it is a measure of the 


e 
tremendous experience Quasi-Arc have in making electrodes of 


every type, for every welding requirement. 


Quasi-Arc 











of electrodes 


MIRROSPEED is an outstandingly successful newcomer to the 
Quasi-Arc range of mild steel electrodes. Welders’ appreciation 
of its long run lengths, the ease with which it can be used, and 
above all of its exceptional slag detachability, is reflected in the 
couple of thousand miles it has quickly added to Quasi-Arc’s 
latest million. 


world leaders in arc welding Quasi-Arc Limited, Bilston, Staffordshire 








In a class of ther own 


; ° / 
he economy a nal price Py Wire 


WELDING INDUSTRIES 


AIR-COOLED | for the 


Nea welding 
industry 





Model DA 123 
(illustrated) 


Powered by Lister 17 h.p 
air-cooled diesel 
No other mobile welding plant CAPACITY 
can compete with WELDING 10-300 amps 
INDUSTRIES range FUEL CONS MPTION 
redesigned streamlined housings 0-43 Ib BHP’ hr. (full load) 
latest cheap-to-run air-cooled 
diesels ew Flexitor’ rubber 
suspensio and many other unique features all add up to the finest 


valu ybtainable in Welding Plant to-day 


The existing range of plant includes 


DA 123 300 amps Lister | p. air-cooled diese 
DA ‘4 400 : o 
DW ‘4 +75 1.p. radiator-cooled diesel 
DW 144 450 
DW 244 400 


x 
/ 

a 

= 


delivery 


OO) singk 


early 


TDW 16 [ 
10 .. double 


Specia ts can be manutact 


HOME COUNTIES 

Messrs. Vales Plant (Register) Ltd 
14, Lower Grosvenor Place. London S.W.1 
LANCASHIRE, CHESHIRE, YORKSHIRE, 
NORTH WALES 

Messrs. William G. Search I 

Whitehall Road, Leeds 1? 
NORTHUMBERLAND, DURHAM 
William Galilee Esq 

Sentinel House, Crawhall Rd., Newcastic-or 
WEST OF ENGLAND 

Bristol Plant Hire Lid., Bath Road, Bristol 4 
SOUTH WALES 

Messrs. O. L. Davies 

Baglan Plant Depot, Po 

SCOTLAND 

Messrs. Arc Manufacturing Co. Ltd 

Actarc Works, Nitshill, Glasgow S.W 
NORTHERN IRELAND 

Robert Heslip Esq 

6, Georges St., Ravenhill Roa 

EIRE 

Messrs. Welding Services Ltd 

14a, Amiens Street, Dublin, Ei 


WIRE FOR ELECTRODES 


WELDING INDUSTRIES LIMITED 


Blackswarth Road, Bristol! 5 


Richard Johnson & Nephew Lid» Manchester I1 
Phone 5-8408 


Tel.: EAST 1431 
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flexuous 
fiexible 
and tough 


In other words — and in any length the job demands 
— Mersey Welding Cables are very strong and very 
supple, and therefore completely satisfactory for all 
welding operations. 

They can be slung, hung or simply dragged — with 
the maximum of ease and manageability — over the 
roughest, toughest surfaces with no risk of damage to 
the hardy, resilient rubber sheathing and with the 
greatest freedom of movement for the welder himself. 

With conductors of copper — or aluminium for extra 
lightness — and insulation of Vulcanised Rubber or 
P.V.C., they are cables of the highest quality produced 
at most competitive prices, backed by very considerable 
know-how and many years’ experience of this particular 
industry 


Mersey Cables 


fiexile 


All popular types of ‘flexibles’ are held in stock for immediate delivery ; 
for more about these—and ‘distributors’ too — write for Leaflet No. 1 /103 


MERSEY CABLE WORKS LIMITED _ tiverpoot 20 
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Hand-operated Flash-butt 
Welding Machines 


FROM THE METROVICK RANGE 


Here is a selection from the comprehensive range of standard Metrovick 
hand-operated flash-butt welding machines, which are designed to cover 
a wide variety of sections for both jobbing and production work. Ease 
of operation, rapid clamping of work, and simple adjustments are out- 
standing features. 


Please write for details of any machine in which you are interested. 








- ere 
HAND-OPERATED FLASH-BUTT WELDING MACHINES 





kVA Rating Maximum Normal Range in M.S. 


Upset Force Thin Section Compact Section 
Thermal Max. (tons) (sq. in.) (dia.) 





4 0.05 to 0.3 ¢ in. to } in. 
1 0.1 to 0.6 tx in. to § in. 
0.2 to 0.6 2 in. to 1 in. 
0.25 to 1.5 $ in. to 1§ in. 
0.25 to 1.5 $ in. to 12 in. 


1to4 j th. to 2} in. 











METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 


An A.E.1, Company 


LEADING WELDING PROGRESS 
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Type MC109 (bench mounting) 


ML98 tipping M.S. shanks with H.S.S 
cutting ends 


Type ML98 Type MC75 


Parkin & ¢ 


Type ML75 
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, at that this picture shows a 
? .? , oa clutch of turtles’ eggs? Maybe you’re 
Are you;sure i Ue 43 : not too sure.* 
But one thing you can be sure about 
the Suffolk Iron Foundry has 
the answer to any welding problem. 
Our team of highly-qualified 
technicians is always available. With 
their fleet of vans specially equipped 
with the latest oxy-acetylene 
apparatus they can solve your problem 
on the spot. All you have to do is 
ring Stowmarket 183. 
*( The “eggs” are really the heads of 
matches). 


SUFFOLK IRON FOUNDRY (1920) LTD a i STOWMARKET, SUFFOLK 





INCREASED EFFICIENCY 


PRODUCTION 


Sheet Metal Engineers should investigate 
the advantages offered by the Meritus 


AS E-E 
ELECTRICAL. 

range of Resistance Welding Machines Peet 
_ EXHIBITION 


SPOT, STITCH, BUTT AND SEAM WELDERS 
MODELS FROM 5-60 KVA Pedal or Air Operated 


Write for details: 


MERITUS (BARNET) LTD 


BARNET, HERTS. 


TELEPHONE: BARNET 2291/2 
Meritus Pedestal Type 
Spot Welding Machine Gold Medal and Bronze Medal. Brussels World Exhibition 1958 
The Engineering Centre Collective Exhibit. 
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Heat Exchangers Inner side of the —— making up the 


20 feet diameter dished and flanged end. 


for Bradwell 


These large fabrications are the dished 
and flanged ends of the 19/20 feet 
diameter by 93 feet long heat exchangers 
for the Bradwell Nuclear Power Station 
They consist of 8 segments 1-%" thi 


ck, 
joined by double sided manual welding 

This is a typical example of the class 

of work that passes through the shops 

Head Wrightson Teesdale Ltd 

manufactured by the Company is used in — fl on phe the outer side of the 
dion , $ a n 5 


irs, mines, refineries, 


over the world 


HEAD WRIGHTSON TEESDALE LTD 


TEESDALE IRON WORKS - THORNABY-ON-TEES 
LONDON JOHANNESBURG TORONTO SYDNEY CALCUTTA 








SERVING INDUSTRY IN 
EVERY CAPACITY 


These are two stainless steel Surge Tanks, 
7ft. Oin. dia. by 6ft. 9in. long, with a tubular 
centre shaft and four paddles. Yet another 
example of Booth’s supreme versatility; in 
welded steelwork. 


JOHN BOOTH & SONS (BOLTON) LTD. 


London Office: 26, Victoria Street, WESTMINSTER, S.W.1 HULTON STEELWORKS, BOLTON. 
Telephone: ABBey 7162. Telephone: BOLTON 1195. 








ARMOURED HEATERS 


for the pre-heating and stress-relieving of 
welds and other forms of heat treatment. 


Flexible resistance heaters to operate at working 
temperatures up to 800°C (1472°F) readily pro- 
vide heat treatment to code requirements and 
have many advantages over other methods: 


ye LOW INITIAL COST y+ LOW POWER CONSUMPTION 
ye EASILY INSTALLED y& EASILY CONTROLLED 
te SAFE LOW VOLTAGE y& PORTABLE 


lIlustration shows typical set-up being prepared for heat 
treatment and welding 


(photo by courtesy of Foster Wheeler Ltd.) 
Please write for the new illustrated leaflet No. W/321 


© Flectrothermal 


ELECTROTHERMAL ENGINEERING LTD. 
270 Neville Road, London, E.7. Tel. GRA 9911 
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TRIAL X-RAY 


e ft 


Li 
a) 
om) 
= 





-- for VERSATILITY 


= bs The Marconi 250-kV Constant Potential X-Ray equipment is 
SOME ft Telescopic- = of the re efficient one: Pages tools’ at 
suspension the service of the engineering industry. e basic apparatus 
MOUNTINGS tubehead op vay te, resi ; we 
FOR THE mounting comprises tour main items —a ig tension transformer- 
Ir rectifier unit, a control unit, an oil circulator/cooler and the 
250-kV oil-cooled tubehead illustrated above. 


TUBEHEAD* The kilovoltage range—which is from 30 to 250 kV in 


2-kV steps—permits examination of components varying from 
plastic and aluminium items to ferrous sections more than 
three inches thick. 

The scope of the apparatus has been extended still further 
by the development of a comprehensive range of tubehead 
mountings, which includes fully mobile and semi-mobile 

| units, and suspension and static tubestand types, some of 

— — which are shown on the left. These mountings have been de- 

a 7 a < : signed to meet industrial requirements and Marconi engineers 

are always available to recommend the most suitable installa- 
x Let Marconi engineers help you in your 4 ; P 
choice of mountings. In addition to those tion, or suggest adaptations. For preliminary details of the 
shown, other tubehead mountings are avail- Marconi 250-kV Constant Potential X-Ray equipment, please 
able to suit specialized requirements. write for leaflet AQ 21. 














Please addrese enquiries to MARCONI INSTRUMENTS LTD. at your nearest office: 
London and the South : Marconi House, Strand, London, W.C.2. Telephone : COVent Garden 1234 
Midlands : Marconi House, 24 The Parade, Leamington Spa. Telephone: 1408 
North : 23/25 Station Square, Harrogate Telephone: 67455 
Export Department : Marconi instruments Led., St. Albans, Herts. Telephone: St. Albans 5616! 
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Iilustrated above is a Dust Cover for 
hydraulic machinery with an overall 
length of 23 feet, sliding doors at side 
and removable top covers. The main 
frame is of all-welded construction. This 
is just one of the many examples of Steel 
Fabrications by Thos. Marshall & Son Ltd. 


STEEL FABRICATIONS sy THOS. MARSHALL 


& SON LTD. 
WELLINGTON BRIDGE, LEEDS, 12 . ‘Grams: ‘cisTERNS’ LEEDS, 12 - TEL. 32186 (5 lines) 





special courses 
on 


welding technology 


16-20 March. WELDED DESIGN AND CONSTRUCTION IN CORROSION 
AND HEAT-RESISTING MATERIALS 


[8 April. HEALTH AND SAFETY IN WELDING 
27 April-l May. WELDED STRUCTURES 
4-6 May (Revised dates.) METAL SPRAYING 
25-28 May. ULTRASONIC INSPECTION 
8-12 June (Repeat of February Course). BRAZING TECHNOLOGY AND DESIGN 


22-26 June. WELDED DESIGN AND CONSTRUCTION IN 
GENERAL AND MECHANICAL ENGINEERING 


school of welding technology 


THE INSTITUTE OF WELDING, 54 PRINCES GATE, LONDON, S.W.7 
KNIGHTSBRIDGE 8556 
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Taking the rough with the smooth... 


mean more speed, more safety and more economy in weld-dressing operations 
30FLEX depressed-centre wheels gives maximum tolerance to careless handling 
speeds up to 16,000 s.f.p.m. may safely be used. There is no more versatile tool. 
ts away excess weld almost fiercely, yet leaves a smooth undamaged surface. 
-d-centre wheels have a multitude of uses including de-scaling and de-burring, 
s, Cutting sheet metal, grooving seams for welding, bevelling sheet metal, and 


cleaning up castings. They are most useful tools in any welding shop. 


. % 


CARBOFLEX is a registered trade mark of the Carborundum Company Limited. 


CARBOFLEX DEPRESSED-CENTRE WHEELS 


Abrasive products by Blew Wii ai: Bee SUR. Bom ee | 


TRADE MARK 


THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK, MANCHESTER 17 
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The “ENGLISH ELectric’ LWC 2/300 
portable welding equipment is designed to 
supply two operators at 315 amps each 
or, for heavy current welding, one 


operator at 630 amps. The supply for two 





operators is taken from separate plugs 
and sockets. For the single operator 
application, these plugs are connected in 
parallel through removable paralleled 
sockets. The LWC 2 300 has a built-in 
dry compartment to take a power 





factor correction capacitor and 
is suitable for operation on a 
380 440 volt 50 cycle supply 


Price £250. Delivery from stock. 


Send for Publication WA/133A to 
The English Electric Co. Ltd.., 
Welding Equipment Division, 
East Lancashire Road, 

Liverpool 10 

Telephone No. Aintree 3641. 


ENGLISH ELECTRIC 
ENGLISH ELEC 
welding equipment and electrodes 


True ENGLISH ELECTRIC Company LImiItTep, MARCONI House, STRAND, LONDON, W.C.2 


WORKS: STAPFORD PRESTON RUGBY BRADFORD LIVERPOOL ACCRINGTON 
WA 25C9 
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Gases for 


industry ... 








SATURN INDUSTRIAL GASES LTD 





And the latest in gas producing plant plus branches throughout the country 
—these are the facts that make Saturn leaders in industrial gases today. 
More and more big projects are making use of the Saturn service for gases 
and equipment. Pyrogas, Nitrogen and Argon (Super purity and commercial 
grades) and B.G.T. equipment are distributed through all our branches. 
Three new models of the Saturn-Hivolt surge injector argon arc welding 
units are also now available. Ask your nearest Saturn branch for details 
of our delivery and maintenance services. 


Contractors to: Admiralty, Ministry of Supply, U.K. Atomic Energy Authority, 
Australian Atomic Energy Authority, National Coal Board and British Railways. 


Gordon Road, Southall, Middiesex. Phone: Southall S611. 


GLASGOW, ALDRIDGE, MANCHESTER, SHEFFIELD, 
Branches : 
LYMINGTON, SUNDERLAND, THORNABY-ON-TEES. 


SIG. | 
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Standard tools 
for special jobs 


and, of course, for standard jobs, also 
For the advantage of MALLORY standard 
spot welding electrodes, holders and adaptors 
is that whether the work in hand is simple 
or full of awkward corners a set-up can 
usually be devised that will do the job — without 


the need for expensive special tools 


VALLORY standardisation is sensible tooling -— and 


sensible economics 


Booklet 1200 “Mallory Resistance Welding” gives details 
of the Mallory range of standard welding equipment 


C optes are free on request 


Johnson ty ue 
PERU, Matthey 
JOHNSON, MATTHEY & CO., LIMITED 


controlling MALLORY METALLURGICAL PRODUCTS LTD. 73-83 HATTON GARDEN, LONDON €E.C.i 
Telephone: Holborn 6989 


Vittoria Street, Birmingham, |. Telephone: Centra! 8004 75-79 Eyre Street, Sheffield, |. Telephone: 29212 


BRITISH WELDING JOURNAI 





THE 
INSTITUTE OF WELDING 


54 Princes Gate, London, $.W.7 


e 
COUNCIL and OFFICERS 


PRESIDENT 
J. STRONG 


VICE-PRESIDENTS 
A. CLIFFORD HARTLEY, C.B.E. G. ROBERTS 
E. SEYMOUR-SEMPER 


PAST-PRESIDENT 
Sir CHARLES LILLICRAP, K.C.B., M.B.E. 


HONORARY TREASURER 
W. E. Harriss 


Chairman of Executive Committee: R. E.G. WeDDEL! 


Representatives of Industrial Corporate Members 
E. V. BEATSON J. A. MCWILLIAM 
E. F. BURFORD E. S. WADDINGTON 
C. HuMpHREY Davy Dr. R. Weck 


Representatives of Fellows, Members, and Associate Members 
V. W. CLACK S. H. GRIFFITHS 
F. CLARK, M.B.E Dr. N. Gross 
J. A. DorRRAT T. Mclver 
E. FLINTHAM H. MARTIN 
E. Fucus F. A. PARTRIDGE 
E. P. S. GARDNER E. SEyYMoUR-SEMPER 


Representative of Companions Representative of Associates 
J. HOOPER J. R. Lewis 


Chairman of B.W.R.A. Council: A. Ropert JENKINS, J.P. 


Chairmen of Standing Committees 
Education Committee Dr. E. F. Gipps 
Finance Committee C. HUMPHREY Davy 
Membership Committee R. G. BRAITHWAITE 
Programme and Publications Committee J. F. LANCASTER 
Technical Committee J. A. DorRat 


Representatives of Branches 
Birmingham W. R. HARPER 
East Midlands A. H. SCOTHERN 
East of Scotland J. F. WHEELDON 
Eastern Counties J. EDWARDS 
Leeds R. GARDENER 
Liverpool G. A. O. PRIDGEON 
Manchester J. M. WHITWoRTH 


North Eastern (Tees-side) 
North Eastern (Tyneside) 
North London 


Preston 

Sheffield 

Southern Counties 
South London 
South Wales 
South Western 
West of Scotland 
Wolverhampton 


J. W. JACKSON 

W. R. MELLANBY 
J. V. THOMAS 

C. R. THATCHER 
F. PILLING 

W. A. JENKINS, J.P 
J. H. GILLespire 
Dr. M. C. NicKsON 
|. B. Forp 

A. J. FRANCIS 

D. M. Kerr 

M. R. LippiattT 


SECRETARY 


G. PARSLOE 


MARCH, 1959 


BRITISH WELDING RESEARCH 
ASSOCIATION 


29 Park Crescent, London, W.1 


2 


COUNCIL and RESEARCH BOARD 


PRESIDENT 
Sr CHARLEs S. LILLICRAP, K.C.B., M.B.E. 


PAST-PRESIDENT 
Sir WiLiaM J. LARKE, K.B.E 


CHAIRMAN OF COUNCIL 
A. ROBERT JENKINS, J.P 


HONORARY TREASURER 
W. E. Harriss 


Members of Council 

Pror. G. WesLey AUSTIN, 0.8.2. SiR ANDREW MCCANCE, F.R.S. 
Sir DONALD BAILEY, K.T., 0.B.£., RICHARD MILES 

J.P. J. MITCHELL, C.B.E. 
Pror. J. F. BAKER, 0.B.B., F.R.S. Pror. Sir ALFRED PUGSLEY 
Dr. R. BEECHING O.B.E., F.R.S. 
D. J. W. BoaG R. B. SHEPHEARD, C.B.E. 
J. BROWN C. M. SPIELMAN, O.B.E., M.« 
Dr. T. W. F. Brown T. STEVENSON 
H. G. CONWAY J. STRONG 
C. HUMPHREY Davy J. H. N. THOMPSON, M.c. 
E. ForTH Lt.-Co. J. F. TooHUNTER 
T. M. HERBERT W. T. TOWLER, J.P. 
E. J. Hite Dr. M. A. VERNON 
F.C. S. L. Lewin-Harris Dr. E. G. West 
H. PEARSON LOBNITZ J. M. WIiLLeY 


Research Board 
Dr. E. G. West (Chairman) Dr. Nicot Gross 
Dr. N. P. ALLEN, F.R.S. Dr. H. Harris 
Pror. G. WESLEY AUSTIN, A. Ropert JENKINS, J.P. 
O.B.E. Dr. W. |. PUMPHREY 
Pror. J. F. BAKER, 0.8.£.,F.R.S. Dr. L. Reeve 
Pror. J. G. BALL G. ROBERTS 
W. BARR, 0.B.E. Pror. E. C. ROLLASON 
Dr. J. S. BLar Dr. H. SuTTON, C.B.B. 
Dr. N. Booru N. A. TUCKER 
E. Fucus J. TURNBULL 
E. P. S. GARDNER Dr. J. H. WEAVING 
A. H. GoopGer 


DIRECTOR OF RESEARCH 
Dr. RICHARD WECK 


SECRETARY 
A. O'NEILL 





FROM 


> ie) 


\\ . 


BRITISH FOR BRITISH INDUSTRY 








Welding Heating 


Flame Cleaning 
—— oe 


Sensational Saffire 4 blowpipes in 1 


Recently introduced, the Saffire Combined Outfit has 
achieved outstanding success and widespread use in 
industry. 

Che Saffire, virtually 4 blowpipes in 1, is extremely 
efficient and economical in use. Here is a precision 
tool that has helped boost production for many thou- 
sands of users. 

Buy the whole Saffire Outfit or just the common shank 
with the heads you need. Just consider how the Saffire 
Combined Outfit can increase your own production 


range and efficiency! 


Common Shank 
to which any of 
these biowpipes 
can be fitted 


kO) BRITISH OXYGEN 


British Oxygen Gases Ltd., Industria! Division, 


Spencer House, 27 St. James's Piace, London, S.W.1. 
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Structural Applications 
of Stud Welding 


Stud Welding is increasingl\ 


finding applications in 


structural work. This paper describes uses of the process 
in the construction of large tanks and other vessels, 
gantry cranes, bridging, and buildings, where the par- 
ticular characteristics of stud welding can lead to 
economies and speed up erection. Detailed consideration 
is given to composite steel/concrete construction, where 
stud welding can be applied for the attachment of shear 


By R. W. Taylor 


and J. C. Chapman 


connectors. 


ARELY ten years have elapsed since it was first 
B recognized that the automatic electric-are stud- 

welding process could with advantage be em- 
ployed in the field of structural engineering. Its use 
was initially limited to minor roles involving the 
fastening of small details, but with increasing experi- 
ence of its employment and performance, applications 
continue to grow in number. 

This paper will first review some of the uses to 
which stud welding has been put during the past few 
years in Europe and North America, and will discuss 
the technical and economic reasons for its employment. 
Clearly, not every new application of the process 
necessarily involves the design and production of a 
new attachment, and although the range of those 
available is constantly expanding, new uses for exist- 
ing types are always being found. The examples given 
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will, for convenience, be grouped under a few broad 
headings, with descriptions of any attachments that 
have been specially developed. A most interesting use 
of stud welding is the attachment of shear connectors 
in composite steel/concrete beams, and the second 
part of this paper will describe this application and 
discuss this method of construction more fully. 

Some of the characteristics of the stud-welding 
process which have influenced its adoption in structur- 
al and other fields of engineering should first be con- 
sidered. 

Firstly, to fix an attachment to a structure by stud 
welding, access is necessary only to one side, thus in 
some instances eliminating the need for scaffolding or 
staging. Secondly, a process which makes possible the 
full-area welding of attachments up to | in. dia. with a 
small and regular fillet, at a speed certainly as fast as 
manual arc welding and generally considerably faster, 
has obvious and important economic and technical 
advantages, particularly in conditions where labour 
costs are high or rising rapidly. Where a low total heat 
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input and minimum distortion are factors which have 
to be considered, stud welding is even more advan- 
tageous. Further, in certain circumstances ‘blind’ 
welding of attachments enables timber, concrete, or 
even steel components to be fixed to a structure after 
they have been located in position. Finally, by the use 


of an easily portable tool, if necessary, at a late stage of 


site erection, it is possible to avoid moving components 
about a shop, possibly by crane, to bring them under 
punching and drilling machines, and to save the cost 
involved 


Examples of Stud Welding Applications 


Tanks and large vessels 

The main use of stud welding in this class of con- 
struction has so far been for the temporary or per- 
manent fixing of thermal insulation, with or without 
subsequent metal cladding, and for providing or hold- 
ing keying for guniting or refractories. Examples are 
provided by such structures as oil cracking furnaces, 
large chemical plants and vessels, petrol, oil, and gas 
storage tanks, nuclear reactors, and heat exchangers. 
wind tunnels, coal bunkers; a further example is the 
refrigeration plant shown in Fig. | 

In most cases the process can be used during erec- 
tion on site at a later stage than fixing attachments by 
other methods, thus simplifying and speeding up work 
in the earlier stages. There are additional economic 


and technical benefits, such as the high speed of 


Securing cladding sheets on large gas refrigeration plant 


3—Testing } in. dia. fixing studs for crane-rail clips with torque 
wrench 


application of attachments possible, the lack of pene- 
tration, which is an advantage in the case of gas-tight 
and liquid-tight vessels, and the low heat input and 


consequent lack of distortion. A novel use of the 
process has recently been developed by a firm of 
structural engineers for repairs to gas-holders and 
similar storage tanks. The method consists of pre- 
shaping and forming plates, two edges of which have 
a series of holes drilled or punched in them, the other 
two edges having studs welded on (see Fig. 2); with 
such plates it is possible to site-erect either complete 
tanks or sections over eroded or damaged sections of 
existing tanks. 

By means of stud welding, tanks may be repaired or 
replaced on site without recourse to are welding; and 
such work may be carried on without purging or 
emptying adjacent fuel tanks, or in the case of gas- 
holders, without taking them out of commission. 
Gantry cranes 

In the last three years there has been a rapid growth 
in the use of automatic electric-arc stud welding for 
securing crane rail clips. In 1954-55, a series of tests 
was carried out to determine the safe load for studs 
welded to structures subjected to alternating loads 
within the range where fatigue failure might be antici- 
pated. Since then, some hundreds of thousands of 
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4— Neath by-pass bridge: reinforcing 


rods secured by looped studs 


i in. and ? in. dia. studs have been welded to gantry 
girders for securing clips holding down rail sections 
weighing up to 375 Ib./yard. 

Figure 3 shows a section of crane rail, with the studs 
that will hold the rail clips attached to the girder. 
These were welded and subsequently cut with a special 
tool, which removed possible indeterminate notch 
effects introduced by the fillet and substituted a con- 
trolled notch in the girder immediately round the base 
of the stud. In this case the rail mounting is of the 
‘fully soft’ type, i.e. the rail rests on a grooved rubber 
pad and is held down with a patented form of spring 
clip; this application was designed to meet conditions 
of a particularly arduous nature. The use of stud 
welding, however, is being more widely applied today 


in cases where ‘semi-hard’ or ‘fully hard’ rail fixing is 
adopted 

Numerous other uses are made of stud welding in 
the construction of large walking draglines and similar 
structures, for example, the fastening of cross-traveller 
rails, cable trays and runs, walkway plates and grat- 
ings, and handrail stanchions. 


Bridging 

The Neath By-pass Bridge was the first in Britain 
on which automatic electric-arc stud welding was used. 
About 10,000 2 in. dia. unthreaded studs, preformed 
into a loop with an inside diameter of 14 in., were 
stud-welded in pairs at 4 ft intervals to the top flanges 
of the cross-girders between the main bridge beams. 
Through the loops straight steel reinforcing rods were 
passed, and onto these were hooked the longitudinal 
reinforcing bars for the 9 in. thick carriage-way deck- 
ing slabs (see Fig. 4) 

On the same bridge it was necessary to attach cable 
ductings to the centre main girder, in a gutter formed 
between the reinforced concrete slabs of the main 
roadway. The Ministry of Transport was opposed to 
the use of manual are welding for attachment of the 
necessary brackets; firstly, the heating would have 
resulted in damage to the paintwork on the underside 
of the main beam flanges, which were at this stage 
inaccessible and secondly, there was a risk of distor- 
tion. To ensure a low total heat input, therefore, it 
was decided to stud weld the ® in. dia. studs, 3 in. to 
5 in. in length. The estimated saving, in cost of scaffold- 
ing which would have been necessary for repainting 
had manual are welding been used, was over £3000. 


APPLICATIONS OF STUD WELDING 


Both in Britain and on the Continent, stud welding 
has been fairly widely used for fixing timber, precast, 
and prestressed concrete slab decking on steel or 
composite steel-concrete bridges (see Fig. 5). In 
America it is°also used (Fig. 6) for securing special 
metal grating surfaces. 

It is usually necessary to complete such work as 
quickly as possible and with the minimum interruption 
of traffic flow. A Dutch bridge with an average traffic 
density of over 15,000 vehicles a day was redecked 
about a year ago (Fig. 5), several thousand studs being 
arc welded to the underframe at an average rate of 
over 250 per man-hour; this compares most favourably 
with the contractor’s estimate of 50 per man-hour for 


Securing special grid surfacing to a bridge in the U.S.A. 
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manual arc welding. Further it was not necessary to 
repaint the under-surface of steelwork, so that the cost 
of staging or scaffolding was avoided 

Unthreaded hooked studs, termed concrete anchor 
studs, have been adopted for bridge and structural 
details; some of the applications are shown in Fig. 7 
The use of welded studs as shear connectors in com- 
posite steel-concrete construction is described later in 
the paper 


Buildings 


As the anticipated life of commercial and industrial 
buildings in North America is in general shorter than 
in Europe, and labour costs are higher, great import- 
ance is attached there to the use of modern, rapid, and 
economical construction methods. It has for a number 
of years been economically attractive in the U.S.A. to 
employ stud welding to fix asbestos-cement sheeting 
for both roofs and side sheeting. For this purpose, a 
standard mild-steel stud is used, in conjunction with a 
neoprene or similar washer and a blind lead or cad- 
mium-plated steel nut 

In Britain, following the substantial rises in the cost 
of labour since 1939, and the increased use of asbestos- 
cement roof and side sheeting, there has been a 
marked growth of interest in the stud-welding method 
as an alternative to the galvanized hook-bolt and 
washer method. In heavy industrial shops, the roofing 
sheets, which may be up to } in. thick or more, can be 
easily and rapidly fixed by welding studs to the purlins 
through pre-drilled clearance holes in the sheets. 

Ordinary threaded studs have been used in con- 
siderable quantities in Europe for holding down 
corrugated steel or aluminium sheeting which forms 
the inner or underside of flat roof decking, and the use 


Bridge and structural details 
welded concrete anchors: (a) Expansion dam 
for box girders of standard span bridges 

(b) section at abutment; (c) curb plate details 
for continuous steel heam bridges; (d) gutter 
and scupper details 


using stud- 


Bulb angle gutter 


8—Stud welding of ‘Setlok’ studs 


of stud welding has proved economic for this purpose 
where large areas are involved. In America, where 
metal-clad industrial buildings are more widely 
favoured than in Europe, a special composite fix 
designated the ‘Riv Weld’ stud, was developed about 
seven years ago. This comprises an unthreaded stud 
with an inset aluminium head. It is first welded to 
purlins and rails; the metal sheeting is then impaled 
over it, and the sheet is then secured by a washer held 
by upsetting or rivetting the aluminium head with a 
dolly. This system, with variants, is used for both 
single- and double-skinned and insulated roofs and 
side walls. 

Curtain walling, comprising aluminium sheets 
sandwiching blanket or semi-rigid insulation such as 
glass fibre, is now commonly fixed with the ‘Setlok’ 
fastener, which has been developed from the ‘Riv 
Weld’ stud. Because of the remarkable speed and 
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y frames secured by stud welding in United Nations 


New York 


Window 
huilding, 


simplicity with which curtain walling can be used to 
cover a steel-framed building, its excellent insulating 
properties (U-factor—0-155 with a | in. thickness of 
glass fibre, equivalent to an 11 in. brick cavity wall), 
and other advantages, it is rapidly gaining popularity 
for industrial, and to a extent commercial, 
buildings. 

When used with aluminium sheeting, the “Setlok’ 
fastener comprises a } in. dia. unthreaded shouldered 


lesser 


Floor 
Floor plate 
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stainless-steel stud, the free end being reduced to 
i; in. dia. for 2 in., with shallow circumferential 
grooves turned in it. The length of the plain body of 
the stud is determined by the thickness of insulation 
to be used and by the form of corrugation, if any, of 
the sheets. When the stud has been welded to the side 
rails or purlins (Fig. 8), the inner sheet is impaled over 
it, using a hammer, and is held by a push-on fix. The 
insulation is then pressed over the stud and held with 
another fix. Finally, the outer sheet is impaled over the 
reduced end of the stud, and the whole operation is 
completed, using a hammer and a hollow-end punch, 
by closing a small aluminium cap onto the grooved top 
of the stud. The pull required to remove the cap, once 
closed, is of the order of 1000 Ib. 

In the fitting of metal window frames, the customary 
method of drilling and tapping or punching steelwork 
before erection, for the attachment of the cleats that 
hold the frames, results in lengthy and costly remedial 


10—Steel wire mesh supported by metal laths stud-welded to 


bunker walls prior to guniting 





grating 


11—Examples of welded anchor studs for building details: (a 


(d) door frames; (e) 


L Ld 


Corner Column 
guards guards 


























(e) 


) Floor trenches; (b) platform bumper; (c) expansion joints; 
protection devices 
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action when misalignment problems are encountered. 
In the U.S.A., there is now extensive use of studs 
welded to the supporting steelwork on the erection 
site, using the window cleats as templates (see Fig. 9), 
and this method is growing in popularity in Europe. 
Other applications of stud welding on buildings 
include the fixing of wire mesh round beams and 
stanchions, with metal lath studs of various patterns, 
before concreting for fire protection (see Fig. 10). The 
anchoring of curb angles, platform bumpers, corner 


and column guards, expansion joints, etc., by means of 


stud-welded concrete anchor studs, are other examples 
(see Fig. 11); with these might be included the holding 
and support of services for ventilation, steam, elec- 
tricity, air, and sprinkler systems. 

An interesting example, both of the growing con- 
fidence in the process and of imagination in its use, was 
provided recently in connection with the construction 
of a new aircraft servicing hangar at Idlewild Airport, 
New York. This has a cantilever roof construction 
(Fig. 12), and the hangar door runner rails were to be 
fixed below the outer edge of the roof. Using a tempo- 
rary travelling staging, the rails were lifted and located 
beneath the eaves; studs, ? in. dia. and 24 in. long were 
then welded to the top flange of the rails from above, 
through holes cast in the concrete (Fig. 13), the attach- 
ment being completed with washer plates and nuts. 


Composite Beams 


As already mentioned, stud welding finds an 
important application in the attachment of shear 
connectors in composite beams; this method of con- 
struction will here be considered in more detail 

The term ‘composite’, in its structural connotation, 
was originally used to indicate the joint action of two 
different materials 
timber by steel, or of concrete by steel. More recently, 
a structure has been said to behave compositely when 
parts that are not normally considered as contributing 
to its overall strength do, in fact, assist in resisting the 
forces which act upon the main structural framework. 
For example, the walls of a framed building have a 
very large effect on the deformations of the building 
due to wind forces, and in the same way concrete 
floors act as effective horizontal bracing, although this 
major effect on the overall behaviour of the framework 


fircraft servicing hangar, Idlewild Airport, New York 


for example, the reinforcement of 


is seldom formally taken into account in design. The 
marriage of steel and concrete in reinforced concrete is 
so widely accepted that this is no longer thought of as 
‘composite’, but where rolled sections and reinforced 
concrete act together, the situation is considered to be 
sufficiently novel to merit this description. 


Composite design 

Steel columns are normally encased in concrete as 
protection against fire, but clearly the concrete will also 
contribute to the strength of the column, and partial 
recognition of this contribution is made in design. 
Where concrete floor slabs are carried by steel beams, 
the slab not only transmits the floor loads to the beams 
but also contributes to their bending strength. This 
effect is always recognized in reinforced concrete 
design, where the beam and a certain width of slab are 
assumed to act together as a T-beam, but in steel 
design the T-beam action has generally been ignored. 

It is necessary to distinguish between the term 
‘composite action’, which implies a qualitative recog- 
nition that the concrete must influence the stress in the 
steel, and ‘composite design’, which implies that the 
concrete has been introduced into the design calcula- 
tions as a definite structural element. 

Apart from a limited allowance for the effect of 
column encasement, the main application of compo- 
site design has been in beam-and-slab bridges and 
floors. Concrete can be stressed in two directions at 
right-angles without loss of strength in either direction. 
Thus, if the slab of a bridge is designed to span 
transversely between the longitudinal beams, it can 
also be stressed longitudinally without requiring any 
increase of slab thickness. It can therefore be made 
to act as the compression flange of a beam, thereby 
leading to a considerable saving of steel. In some 
American States composite bridges have become 
almost standard for highway construction. 

Shear connectors 

For the beam and slab to act compositely, hori- 
zontal shearing forces must be transmitted at their 
junction. Some composite action will take place owing 


13—Stud welding of } in. dia., 24 in. long studs through hangar 
roof eaves, Idlewild Airport 
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to bond and friction at the steel-concrete contact 
surface, and for sufficiently small loads, measured 
deflections and stresses would correspond to those of a 
composite section. Above a certain load, however, 
bond and friction would be insufficient to transmit the 
necessary shearing forces, and if composite action is to 
be relied upon in design some positive connection be- 
tween the beam and the slab must be provided. The 
main function of such shear connectors is to transmit 
shearing forces; they prevent relative sliding between 
the beam and slab, so that the stress varies linearly from 
compression at the top of the slab to tension at the 
bottom of the beam. There is also a tendency for the 
slab to lift away from the beam, and where the beam is 
not encased the shear connectors must also serve to 
hold down the slab. 

If the slab is held in contact with the beam, bond 
and friction at the interface may be sufficient to 
prevent relative movement between the beam and slab 
for working loads. Since the connectors, having a 
finite stiffness, can only pick up load if some small 
relative sliding or slip takes place, they would be un- 
stressed if there were no slip. Thus, the paradoxical 
situation arises that the provision of shear connectors 
may render their presence unnecessary; nevertheless, 
the designer would do well to remember that they are 
only unnecessary if they have been provided. 

Although bond will influence the loading on the 
shear connectors, it is not normally relied upon in 
composite design, since if once destroyed it is never 
restored. For uncased beams, the shear connectors are 
usually designed to transmit the total shearing force 
between beam and slab. 

It is apparent that shear connectors should have 
rigidity as well as strength, for the greater the rigidity 
the smaller will be the force which they have to resist. 

Many forms of shear connector have been employed, 
all consisting of erections welded to the top of the steel 
beam. Channels welded ‘weak way on’ at intervals 
along the beam have often been used; the flange which 
is in contact with the beam acts as a very short and 
rigid cantilever bearing against the concrete, whilst the 
other flange serves as a holding-down hook. A loop of 


14—Stud-welded shear 


imerican bridge 


connectors on an 
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round bar inclined to the beam surface and acting in 
tension has been recommended by Wastlund; this 
appears to be well suited to the transmission of shear, 
since the loop contains the concrete on which it 
bears, so preventing splitting of the concrete. It should 
be noted that the holding-down action depends on the 
vertical component of tension in the bar, and if the 
direction of shear were reversed the slab would tend to 
lift away from the beam. Inclined loops have also been 
used in Germany, the direction if inclination depend- 
ing on the direction of shear, with vertical loops in the 
transition region; the loops act in conjunction with 
rigid bars welded across the flanges, which act in 
bearing. A spiral bar welded once per pitch at its con- 
tact with the beam has been widely used in the U.S.A. ; 
this keys well into the concrete, but the welds might 
appear to be vulnerable to fatigue, and if shop-welded 
the spirals can become entangled during transporta- 
tion. 

A recent development (see Fig. 14) is the use of 
semi-automatically welded studs as shear connectors; 
or, if the studs are shop-welded, the process can be 
fully automatic. The method is cheap and simple, 
simplicity being especially desirable where site welding 
is specified to reduce erection hazards. A further 
advantage is that, as with other examples previously 
mentioned, the very short duration of heating ensures 
that no beam distortion results from the welding. The 
studs act as cantilevers, holding-down being provided 
by upsetting or hooking the free ends of the studs. 


Tests on composite structures 


Extensive research on the behaviour of composite 


beams, with particular application to highway bridges, 
has been carried out over the last twenty years at the 
University of Illinois, and much research has also been 
done in Germany; in both these countries, design rules 
and Codes of Practice exist for composite construction. 
Work on the interaction between the slab and its 
surrounding beams has been done at the Building 
Research Station, in addition to studies on other 
aspects of composite behaviour, but so far no Code of 
Practice has been published in this country. 





BRITISH WELDING JOURNAL, MARCH 1959 


Table I 


Weights of composite beams 





Voment of 

Resistance 

at Yield, Weight 
fons—in lb 

non-composite 1180 SO 1-0 

composite 1170 3§ 


(Ultimat 
VU of R ) 
V.of R (M. of R. at 
tons-in Yield) 
1360 1-15 


(Wr. ft) 
(M. of R.)* 


Ultimate 


Steel 
16-6BS.B., 
13» 5BS.B 


sections 


9.4BS.B.,5 
composite 
9 .4B.S.B. castellated to 13 
5 flange plate, composite 


} flange plate, 
1160 


1270 


1510 29 
1320 


1360 





* Reduced to | for non-composite beam. 


Full-scale strain measurements on_ steel-framed 
buildings with concrete floors and encasement have 
revealed composite behaviour, although these build- 
ings were not designed compositely and have no shear 
connectors. It is not known to what extent composite 
action would have persisted if the loading had been 
continued to collapse 

At Imperial College, full-scale and model investiga- 
tions On Composite construction are in progress. The 
project, which is assisted by the British Constructional 
Steelwork Association, began with loading tests on one 
of the new College buildings, where considerable 
reductions in stress were noted as a result of composite 
action, although the steelwork had not been designed 
compositely 

The new Mechanical Engineering Building at Imp- 
erial College incorporates beams of novel composite 
design ( Fig. 15); they are castellated, with bottom flange 
plates, the upper flange being connected to the floor 
slab by means of welded stud shear connectors. The 
studs are not headed, since adequate holding-down is 
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of Mechanical Engineering Building at Imperial 


provided by the stirrups of the encased beams. The 
castellations reduce the weight of steel in the beams and 
also provide convenient openings for the passing of 
services. It may be noted that castellated beams are 
singularly suited to since this inhibits 
local instability, due to crippling and shearing forces, 
which otherwise has to be provided against. 


encasement, 


The shear connectors were shop-welded, and some 
erection difficulties were expected, since the top 
flanges of the beams could not now be walked upon: 
however, it was found that the bottom flange plates 
enabled the erectors to move by straddling the beams. 

Vibrating-wire strain gauges have been fixed to a 
number of beams and stanchions of this building 
before erection, so that a complete strain history of 
these members, through erection, concrete encasement, 
dead and live loading, and during the life of the build- 
ing, can be obtained. The vibrating wires are clamped 
between stud-welded posts, which are therefore 
monolithic with the structure, and the electro-magnets 
and gauge covers are also fixed by welded studs. 
Thus, the adoption of the stud-welding process enabled 
the gauges to be fixed in the very short time during 
which the steel was available before erection. Live 
loads have been applied to a number of floor panels, 
and the preliminary indications are that the assump- 
tions of composite action made in the design are fully 
justified. A full-scale prototype beam for this building 
was destruction, and again the design 
assumption of fully composite action was found to 
hold up to collapse. A number of push-out tests on 
stud connectors were also made to provide design data 
for the building. 

Since the full-scale tests are necessarily made at 
working loads, laboratory tests to destruction are also 
desirable. A large number of specimens are needed to 
vary such parameters as shear-connector form and 
spacing, concrete strength, and the type of loading, 
and a programme of model experiments is therefore 
being pursued. 

To illustrate the steel saving which results from the 
use of composite beam weights for 
beams of approximately equal strength are given in 
Table I. The beams are assumed to act compositely 
with a concrete slab 60 in. wide and 6 in. thick, the 
soffite of the slab being flush with the top surface of the 
beam. No allowance is made for the weight of the 
shear connectors, which may amount to about 
3 Ib/ft. It can be seen that considerable economies are 
possible by using a composite section. The reserve of 
strength after yielding of the 13 » 5 in. composite beam 
is almost double that of the non-composite section 
This quality, described in American literature as 
‘toughness’, is accounted for by tension occurring 
over the whole depth of the steel beam when the fully 
plastic moment is reached. When more efficient sec- 
tions are chosen, however, the ‘toughness’ diminishes. 


tested to 


sections, steel 
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The Present Position on the Economics 
of Welding 


By A. G. Thompson, B.SC., A.M.1.C.E. 


The Basic Economic Relation 


N its simplest terms, the basic economic situation for 

any fabricated product is that the combined costs 

of production and materials to make a product 
having a given performance must be less than the value 
of that performance to the customer; thus, the cost of 
any feature in a product must be less than the value of 
that feature to the customer. For complete products, 
taken over a period of time, this relation must hold 
true for a company to stay in business, but for 
individual lines or products, or features or parts of 
products, it often does not hold true, and it is desirable 
to discover features and products which are not sold 
at a profit. 

In welded fabrication, the important components in 
the relation are the costs of production, the cost of 
materials, and the performance of the weld and of the 
product acting as a welded component. The relation- 
ship between production cost and material cost is of 
the form shown in Fig. 1. This curve assumes that, for 
a given product, an infinite variety of designs are 
possible by substituting material cost for production 
cost, and vice Physically, to reduce material 
cost, the product must be stressed more efficiently, 
which generally involves greater stiffening and an in- 
crease of joint length, which increases labour and 
production cost. If the total costs are plotted, a mini- 
mum occurs where the rate of decrease of one cost 
production or material—equals the rate of increase of 
the other; this is clearly the most advantageous posi- 
tion for a manufacturer to achieve. 

The total cost is also related to the quality or per- 
formance, because the higher the performance that is 
required, the higher in general is the cost. For a given 
product, there is often a level or a range of quality 
within which it is most prefitable to manufacture; this 
depends on the product and on what the customer is 
prepared to pay for quality or performance. In terms 
of arc-welded steel, some customers, such as those 
buying atomic reactor pressure vessels, are prepared 


versa 
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The best combination of production and material cost 
and performance can be accomplished by design to 
achieve maximum profit. Cost data are needed by man- 
agement for many purposes, and several methods are 
available for obtaining reliable information. Two of 
these are new: Statistical Sampling and Analysis (SSA) 
and Total Production Analysis (TPA). The effect of 
various factors on productivity, and the extension of 
inter-firm productivity comparisons are considered 
worthwhile topics for future research and development 
in the field of the economics of welding. 


to pay for the highest possible quality level; but often 
the customer does not require the highest possible 
quality but only one sufficient to allow him to realize 
certain ends, and quality over and above this has no 
value for him. The manufacturer will want to find the 
quality or performance level for each of his products 
which will produce the maximum profit. This is ob- 
tained when the value to the customer minus the over- 
all cost (production plus material) is a maximum; 
this situation is illustrated graphically in Fig. 2. 

Thus, there may be economic advantages in not 
allowing designs just to happen, with a fortuitous com- 
bination of production and material cost and per- 
formance. On the contrary, it may be financially 
worthwhile for investigations to be made so that the 
basic economic requirements can first be given to the 
designer, as his starting-off point. 

With each of the main components, a process of 
substitution can be carried out. For example, labour 
costs can be replaced by capital costs and the costs of 
consumable materials, as when manual welding is 
replaced by machine welding: gas cutting may be 
replaced by guillotining or cropping, a welded joint 
by a bend. In such a case it is important to compare 
total costs and not some component of the cost; for 
a substitution may be made which although reducing, 
say, labour cost, results in a disadvantageous total cost 
change. Furthermore, a series of substitutions in one 
area, such as production cost, may so reduce this 
component that the broader picture, of the way pro- 
duction and material costs and performance combine, 
must be reconsidered. 

rhe situation is extremely complex in any particular 
company, and over-simplifications might ultimately 
reduce profitability, since a concentration on any one 
or two simple factors or components can be mis- 
leading. 
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Need for More Cost Measurement 


In many companies using welding there is a need 
for more cost data for a variety of purposes, which will 
be described individually 

Design for production—To enable designs to be 
costed, there is a need for man-hours and machine- 
hours to be related to units of output that can be 
measured from a drawing, e.g., hours per foot of edge 
planed, or per dozen holes drilled. Given such relation- 
ships in the form of tables or graphs, it is possible to 
make cost comparisons beiween various designs and 
also to develop designs with a minimum value for the 
sum of material and production costs. 


Estimating—For detailed estimating, similar cost 
data are needed as for design; this is a routine process, 
and can also supply information on design for pro- 
duction costs. From time to time, estimating has also 
to be done on designs produced by outside sources. 

Rapid methods of estimating enabling the man- 
hours for various trades to be found quickly are also 
a frequent need. For this purpose it is necessary to 
establish relationships between trade man-hours and 
very broad measures of output of the product, such as 
the weight, the thickness, and the feet of joint in the 
fabrication. 

Progress and planning—For planning, machine- and 
man-hours must be estimated for machine- and man- 
hour loading, so that programmes can be prepared in 
advance. By progressing, the actual is compared with 
the planned; information on work done and time 
taken provides the raw material for relating man- and 
machine-hours with output. 

Cost control—One method of cost control is to com- 
pare the past with the present, to note improvements 
and deteriorations. This has the advantage that the 
change or variance is real; however, past costs may be 
excessive and represent a poor performance. A target 
or theoretically attainable level of efficiency and costs 
is therefore also required, to indicate the gap between 
the present and the possible. 

Comparisons of methods and equipment—Where 
manufacturers decide on new equipment, it is often 
necessary to make theoretical calculations before in- 
stallation. Afterwards, however, provided that mea- 
surements have been made with the old and the new 
way. costs may be compared. The soundness of the 
decision on the new equipment can then be examined 
critically 

Inter-firm and inter-temporal productivity compari- 
sons—The technique of inter-firm productivity com- 
parison has been widely used with great advantages in 
a number of industries, and a review of this activity has 
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been recently published.! The basic object is to enable 
a firm to compare its performance with those of its 
competitors, without disclosing information which 
would put it at a disadvantage; indices are devised so 
that any co-operating firm can see where it stands in 
relation to the others. Research examples have already 
been carried out.*:* No absolute measure of cost is 
disclosed, and the identity of the competitors is kept 
secret by allocating a code number or letter to each 
firm, which only knows its own number. The principal 
value of such comparisons is to disclose to firms those 
departments which are operating below average effi- 
ciency, so that attention or capital investment can be 
directed towards them. 

Incentives—To establish incentives, if they are 
regarded as desirable in a particular situation, it is 
necessary to be able to assess the value of the work 
done. In individual incentive schemes, it is usual to 
estimate the directly effective time from production, 
and compare this with the actual time taken. Group 
bonus schemes can be based either on this principle, 
or on estimating total clock-hours based on past 
productivity, and comparing this with the actual clock 
man-hours taken. 


Difficulties of Cost Measurement 


The basic process in obtaining cost information is 
to relate time (generally man-hours or machine-hours) 
with output. Generally, this relation is obtained for 
past production and assumed to apply to future pro- 
duction. However, there are a number of difficulties 
involved in this. In most of the processes associated 
with welding, there are a very large number of vari- 
ables which affect the time taken to complete a given 
item of work. For example, in arc welding there are 
the electrode variables such as fusion rate, size of 
electrode, current density, metal recovery, stub-end 
wastage, type of electrode covering, slag detachability, 
length of electrode, and cost of electrode. For the joint 
there are the variables of shape, the separate dimen- 
sions of the root face, gap, angle of preparation, the 
position and length of the joint, accessibility, the 
parent metal composition, and accuracy of joint pre- 
paration. For the weld there is the size and quality of 
the weld, the amount of reinforcement, and of back- 
gouging or chipping to obtain full penetration of a 
butt weld, the amount of grinding or chipping-off of 
actual weld deposits to ensure clear radiographic 
inspection films, etc. Then there are the outside pro- 


ductive resources, such as amount and quality of 


supervision, handling facilities, manipulators, jigs, 
welding equipment, working conditions, method of 
plate preparation, inspection, and dimension control 
prior to welding. This list is by no means exhaustive 
but it does illustrate some of the difficulties of making 
cost measurements and estimates in welded produc- 
tion. 

Moreover, although the effect of a multitude of 
variables can readily be overcome if it is possible to 
standardize their values, in much of welded produc- 
tion, important variables cannot be standardized. This 
is generally so, for example, with the volume to be 
deposited within butt weld joints. Variations in this 
volume occur within a firm and between firms, so that 
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the standard volume for a weld is an ideal which is 
generally obtained only by coincidence. 

These are some of the difficulties which have per- 
suaded so many men and managements in heavy 
engineering that the measurement of cost data for 
management purposes is unrewarding. This is certainly 
not true, and techniques are available which will 
nearly always overcome the difficulties outlined. 


Critique of Cost Measurement Methods 


A number of methods of estimating costs are in use 
at the present time, and each has advantages and dis- 
advantages. 


Theoretical estimates 

A basis, which has been popular in arc welding 
particularly, has been to establish a number of theor- 
etical relationships, between the variables involved in 
the process and the time that it is required to estimate. 
Values are assumed for all the variables, and it is 
possible, for instance for arc welding, to arrive at 
values of arc times, electrode changing times, weld de- 
slagging times, etc., for various types of welds. The 
advantage of this procedure is that it can be done 
away from production, and does not involve time 
study. Sets of tables, charts, etc., can readily be estab- 
lished. As all conditions can be assumed to be at the 
specified or optimum values, calculations of this type 
can be used to provide target values of times and 
quantities, with which actual values may be compared. 
The disadvantage is that often the average values of 
the variables in practice differ from the values assumed. 
This is particularly true of the volumes of butt and 
corner welds. 


Work measurement 


This term usually implies measurement of times and 
work done at the place of production. In the standard 
technique, the work cycle is broken down into ele- 
ments which are separately timed. During the timing, 
assessment is made of the rate and effectiveness of 
working and the element times are compared with a 
standard rate of working and effectiveness. Before any 
timings take place, all variables and conditions are 
standardized at specified values. The assumption is 
made that each element of work, for example, arc 
time, electrode changing time, de-slagging time, time 
to set current, etc., is independent of any other, and 
that therefore elements can be combined in any re- 
quired way to build up different cycles of work. 
Elements are regarded as standard for a given set of 
specified conditions, and can be transferred from one 
works to another. 

This method is suitable where it is possible to stan- 
dardize, and to keep standardized, the variables 
affecting the process, but it is less suitable for some 
types of welding such as manual arc welding, where it 
is almost impossible to standardize some of the vari- 
ables. For example, the time to complete a butt weld 
of a given size and shape depends very much on the 
standard of joint fit and dimensional accuracy ob- 
tained in a particular works. A value which is appro- 
priate to one company with very high standards of 
plating and plate preparation may not be applicable to 





108 


another with a less good standard. Furthermore, the 
assumption that elements are not inter-related does 
not always apply. The standard work measurement 
approach is more applicable to the mass-production 
processes, such as occur in resistance welding appli- 
cations, for example. It has serious disadvantages 
when applied to arc welding,‘ particularly the manual 


welding of butt and corner welds, and also to many of 


the other processes associated with heavy fabrication, 
such as plating, tacking, assembling, and so on. 


Statistical sampling and analysis 

This method (which will be referred to as S.S.A.) 
was developed by the author to overcome the diffi- 
culties associated with applying work measurement to 
highly variable production.*® Instead of standardizing 
the values of variables, measurements are taken of the 
values and variabilities of variables as they normally 
occur in production. Further, instead of dividing the 
work cycle up into elements, the time for the work 
whole is measured. Values of time (for 
example, of the net effective time) and of those variables 
which most affect the time are measured during pro- 
duction on a number of occasions. The times and the 
values of the variables are plotted on graphs, and the 
amount of scatter of the points is examined and can 
be analysed mathematically. The mean line through 
the scattered points gives the relationship between 
output and the main variables. The amount of scatter 
is a measure of the accuracy of the line. Relationships. 
and consequently estimates of any required degree of 
accuracy, can be obtained 

The advantage of S.S.A. is that the relations ob- 
tained relate to the actual production situation. The 
disadvantage of both S.S.A. and work measurement 
is that both methods require shop time study and are 
very much more expensive to apply than the theoreti- 
cal method previously described 


cycle as a 


Total production analysis 

The methods so far described have referred essen- 
tially to the estimation of the net effective time to 
carry Out various operations of cycles of work. Total 
production analysis (T.P.A.) is a method of relating 
the total man-hours for complete items of work with 
some physical measures of output involved in the 
items. For arc-welded fabrications, for example, it 1s 
possible to relate the various trade man-hours, such 
as those of the welders, platers, caulkers, etc., with 
various physical measures of the fabrication, such as 
the weight, the joint length, and the average thickness 
of the material in the fabrication. In practice, values 
of times and measures of output are obtained for a 
number of jobs of a certain type; the resulting values 
are plotted on a graph, the scatter of points is analysed, 
and a mean line is drawn through the points. The ap- 
proach is similar to that described for S.S.A., and both 
techniques exploit many of the modern techniques of 
mathematical statistics.°*? In particular, only the 
effects of the most important variables are measured: 
other variables are randomized so that their effects 
cancel out 

The advantage of T.P.A. is that data can be ob- 
tained without time study, and the relationships 
established enable very rapid estimations to be made. 
Broad cost control is also possible. 
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The Future 
Over the past twenty or thirty years, considerable 
effort has been expended, and rightly so, on investi- 
gating the effect of numerous factors on the quality 
and performance of welded joints. There is scope and 


justification for an effort on a similar scale to investi- 


gate productivity in the use of welding. Enough work 
has so far been done to indicate the possibilities of 
carrying Out such investigations, the value of the 
results obtained, and the availability both of co- 
Operative firms to provide the raw materials for the 
investigations, and of the necessary mathematical and 
experimental techniques to obtain useful and valid 
results. There is no doubt that the money spent on 
research into quality and performance improvements 
of welding and welded products has been a most 
profitable investment. A similar effort on productivity 
would, in the author’s view, be equally profitable. 

A practical need in much of heavy engineering is 
for methods of measuring and devising incentive 
schemes which are accurate and which do not quickly 
become slack or in error during operation. In general, 
it is impossible to provide sound and realistic schemes 
of incentive payment for individual workers unless 
measurements of time, work done, and other impor- 
tant variables are taken during actual production. The 
only other accurate alternative is to associate payment 
of the group bonus type with changes in productivity. 
The difficulty here is that changes in productivity may 
result from management causes (e.g., the purchase of 
capital equipment or a change of design), and not from 
real changes in the effort or effectiveness of the labour 
for whom the bonus is devised. Other forms of piece- 
work, particularly of the type prevalent in the heavy 
engineering branches of welding which are not based 
on accurate production times and measurements, are 
liable to become slackened and exploited in such a way 
that the least effective and the slowest workers can 
achieve the maximum permitted wage. Such schemes 
become a disincentive to production, and have been 
responsible for inhibiting increased productivity in 
many heavy engineering firms. 

Reference has already been made above to the 
possibilities of inter-firm productivity comparisons. 
This is an activity which could develop greatly to the 
benefit of British industry in the years to come. There 
is already adequate evidence of success in many in- 
dustries outside of welding: and, at the present time, 
within the field of welded construction, important 
work is taking place in France and Germany. In the 
competitive atmosphere that will face British manufac- 
turers and fabricators in the future, the co-operation 
within competition implied by inter-firm productivity 
comparison could be most valuable and stimulating. 
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Economics of Multi-Spotwelding 


4 brief description is given of the technique of multi- 
By spotwelding and the tooling and machines adopted for 
$ a variety of components. 

Cost comparisons are made with the ordinary gun- 
welding techniques, and it is considered that where 
A.M.INST.W. production demands are great enough the use of rela- 

tively expensive multi-spotwelding machines is justified 
by the savings in production time and labour costs. 


. H. Lummus, A.M.1.MECH.E., 


HEN contemplating the production of a sheet operations have to be performed in a progressive 
metal assembly a welding engineer often has sequence, ‘presswelding’ is used. 
more than one resistance welding process 
which he could employ, but it is the most economical 
method which eventually realises production. Many 
factors have a great bearing on the overall economics 
of each process, and these have to be weighed against A pressweld fixture consists of two parts: 
each other for each particular job. Some of the most . , 
P ta (1) A lower fabricated steel framework carrying copper 
important are electrode back-ups, locations for correct alignment of 


Tooling 


Rate of production 

Cost of capital equipment 
Cost of tooling 
Productive labour cost 


(@) 


In analysing the economics of multi-spotwelding, con- 
sideration will have to be given to the merits of this 
technique compared with the use of standard pedestal 
spotwelders or portable welding guns. In multi-spot- 
welding all the electrodes engage with the work es 

> a » ired electricall “ithe | \ a /) 
simultaneously and are then fired electrically, either \ \ 
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together or in successive groups ns 
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The welding technique widely used in multi-spot- 
welding—series welding—differs from that of the or- 
dinary spotwelder, for two spotwelds are produced per 
transformer secondary on metal gauges up to two 
thicknesses of 0-049 in. A slightly higher current is 
required than with the conventional direct welding, r 
but two good welds are produced in series, the current 
path being from one side of the transformer secondary, 


through the components, across the electrode back-up, Tay 
and through the components again, as shown in 

Fig. la. Heavier gauges can be welded, but direct 

welding has to be used and only one weld is produced 
per secondary turn of the transformer, the current 

path being completed by means of a contact switch as \ 
shown in Fig. 1+. Applications of direct welding are — 














limited to welds near the edge of a component to 
minimize the inductance of the current loop. \* 

To employ these techniques special fixtures have to 
be designed to perform specific assembly operations, 
and if the component is large or is such that the 
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components, and possibly an ejector for removing the 
welded assembly from the fixture 


An upper steel fabrication on which are mounted the 
transformers for supplying welding current, (these are of 
the ‘C” Core type to reduce size) hydraulic welding gun 
cylinders and hydraulic manifolds (feed and return) for 
supplying oil to the cylinders. (Hydraulic pressure is often 


used in preference to air to reduce the size of the cylinder 


and to enable more welds to be made in each fixture) 

Water manifolds are mounted in both upper and 
lower parts of the fixture to provide cooling for welding 
gun electrodes and transformers, and electrode back- 
ups. A typical arrangement of this equipment in a 
pressweld fixture is shown in Fig. 2. The tool designer 
has to pay particular attention to accessibility to all 
parts of the fixture for maintenance purposes, for the 
machine is involved in high production rates, and 
‘down time’ during a production run is very expensive. 
The shape and size of a component and the accessi- 
bility of the welds influence its suitability for press- 
welding. The ideal parts are those of fairly flat form 
with welds in straight rows and preferably in one plane 
Hence, in automobile construction door assemblies, 
underbody assemblies, seat frames, and trunk lid 
assemblies most readily lend themselves to pressweld- 
ing. However, more complicated assemblies, such as 
the centre pillar and S-shaped front windscreen pillar, 
dictated by the panoramic windscreen, are now being 
successfully presswelded 

The pressweld fixtures are often interchangeable in 
a particular machine and storage racks have to be 
provided for the fixtures not in use (Fig. 3). This 
non-productive time gives ample opportunity for 
maintenance to be conducted and for preventative 
maintenance checks to be made 

One major disadvantage in the use of presswelding 
is the difficulty of modifying the fixtures to incorpor- 
ate component changes. Modifications can often be 
expensive, and it is as well for the fixture designer to 
bear this in mind initially. For instance, the addition of 
spare ports in both hydraulic and water manifolds 
enables additional guns to be added without removing 
the manifolds for drilling, tapping, and subsequent 
de-burring and cleaning 

With the last two components that have been men- 
tioned, however, it is sometimes possible to perform 
only about 10 or 12 welds in each fixture, compared 
with 30 on a door assembly or 60 to 70 on an under- 
body assembly where long straight rows of welds are 
encountered. Yet from the production standpoint, 
multi-spotwelding has very definite advantages 


a) The correct number of spotwelds is ensured 
Positioning of the welds is automatic 

Weld quality 1s ingle between 

electrodes and components 1s always the Same 


maintained, since the 


Consistency of weld quality results from plurality of 
welds being made simultaneously from one timer 


(e) Electrode life is prolonged 
The welds produced are thus completely independent 
of the human element and the operator is required 
only to load components and start the machine 


Machines 


Multi-spotwelding invariably demands a machine 
that is more expensive than the conventional spot- 


1959 


welder. In the automobile industry, where this tech- 
nique is most widely used, a machine resembling a 
press is needed because of the size of components; the 
process is referred to as ‘presswelding’. The following 
brief description demonstrates that the machines are 
costly and that they need to accommodate more than 
one set of tooling. Two types of machine have been 
found to be necessary, One an open-face type, and the 
other a four pillar machine; both use an up-stroke 
action. The latter is the larger of the two machines and 
has its crown supported by four hollow pillars, whose 
lower parts are machined to form the slides for the 
table. The crown of the machine carries a motor, 
which provides the power, through a crankshaft and a 
series of connecting rods, links, and levers concealed 
in the four hollow pillars, to operate the table. For 
each revolution of the crank the table is raised and 
lowered. Welding takes place with the table raised and 
the connecting rods virtually locked at the top dead- 
Lowering the table after welding facilitates 
easier ejection and loading of components by both 
manual and mechanical means 

A hydraulic unit, consisting of pump, accummulator 
change-over valves, etc., is necessary to provide weld- 
ing pressure and is also mounted on the top of the 
machine beside the motor, together with an electronic 
welding control panel. Figure 4 shows a machine of 
this type, capable of withstanding a load of 30 tons 
between table and crown. A shuttle-type loader and 
unloader is also shown 

The open-face machine has similar controls and is 


centre 











2—Typical arrangement of equipment in a pressweld fixture 
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3—Srorage of pre ssweld Axtures 


similar in Operation, but it is a lighter duty machine 
and is obviously incapable of withstanding welding 
loads as great as the four pillar design. 

However, each type of machine has its particular 


applications, and whilst the four pillar machine is used 
for assembling larger components such as door 
assemblies and underbody assemblies, the open-faced 
machine is generally used for smaller components 
The cost of the four pillar machine complete with 
controls would be about £12,100 whereas that of the 
open-face machine would be about £7000. With care- 
ful planning and equipment utilization the expenditure 
of such large sums of money on presswelding machines 
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MULTI-SPOTWELDING 


and tooling is justified by increased production. The 
use of mechanical handling devices for both loading 
and unloading the components enables automobile 
doors to be made at rates of up to 500 an hour. This 
has been achieved in America, where one plant making 
presswelded assemblies supplies more than one car 
production line, the fixtures being left in the machines 
for continuous production runs. 

From a row of machines with interchangeable 
tooling to produce five different assemblies—right and 
left hand doors, both front and rear, and luggage 
trunk lids—on a ten day cycle, a rate of 300 assemblies 
an hour has been achieved. This is the speed at which 


Four-pillar type pressweld machine. 
Automatic shuttle loader on right 
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the individual panels themselves are pressed, and the 
pressweld assembly line is integral with the panel 
presses giving continuous flow from flat sheet to 
completed assembly. Production runs were made 
during the day shift, the fixtures being changed and 
maintained during the night-shift. Since the assemblies 
cannot be accommodated in production immediately, 
storage area has to be made available, and the 
completed assemblies then fed to the production line 
at the required rate 


Costs 


Following this brief description of the multi- 


spotwelding process and the equipment required for 
this technique, a comparison is now made of two 


< 


Group of five open-face pressweld 
machines 
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alternative methods which could be used to produce 
specific assemblies. 
Presswelding 

Ten different assemblies for a particular motor car 
body are produced by a group of five open-faced press- 
weld machines, shown in Fig. 5. Two operators man 
each machine, and while one is unloading the welded 
assembly the other is loading the next component into 
the machine. This increases the production rate and 
eliminates walking across the front of the machine 
operator movements being reduced to arm and body 
actions only. 

The centre pillar assembly, right and left hand, and 
the windscreen side pillar, right and left hand, are 
produced progressively through the line of machines, 
extra components being added where required. The 


{utomodile centre pillar in pro- 
gressive stages of assembl\ 
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moving belt conveyors, which can be seen in the 


illustration, are installed for inter-machine transfer of 


components. The completed assembly is then manually 
stacked in pallets, which are transported to a storage 
area until they are required on the final body assembly 
line. 

These components thus account for four days 
production, each being produced on a separate day. 
The rear compartment shelf assembly requires the use 
of two machines and the back window header-bar 
assembly, windscreen upper assembly, and shroud 
panel upper assembly, are each produced on one 
machine, thus completing the fifth day machine 
loading. 

Production and tooling changes are carried out on 
alternate days to give a production cycle of 10 days. 
The te¥ men are thus producing components, from the 


line of machines under consideration, for only half of 


their working time; from a cost standpoint this is 
equivalent to five men fully employed. On the alter- 
nate days when the tooling is being changed, this 
productive labour force is transferred to another line 
of machines producing similar components for another 
style of motor car body. 

These assemblies are made at the rate of 1300 per 
84 hr shift, and an area of 2700 sq.ft is required for 
storage of the completed assemblies. The five machines 
need a space of 1600 sq.ft. 


{utomobile windscreen side pillar 
assembl\ 


in progressive stages of 


113 


Gunwelding 

The production of each of the foregoing assemblies 
will now be considered on the basis of the use of 
portable welding guns. The major assemblies—right 
and left hand centre pillar and right and left hand 
windscreen side pillar will be dealt with in some 
detail. 

Figure 6 shows the centre pillar in progressive 
stages of assembly. The first stage, where a reinforce- 
ment 0-078 in. thick is welded to the 0-062 in. thick 
rear outer panel, is shown at (a). The spotwelds are in 
two planes at right angles to each other, and two 
welding guns would be required to work in conjunc- 
tion with this first assembly fixture. 

A second fixture would be required to add the 
0-062 in. thick front outer panel (Fig. 65) and to pro- 
duce the outer panels assembly shown in Fig. 6c. To do 
this, two thicknesses of 0-062 in. are welded together 
with 12 spots, the remaining four spots on this face 
being made through three thicknesses. Two other 
spots are required at 90° to this plane, and again three 
thicknesses are encountered, 0-62 -+-0-062 +0-078 in. 

A two-stage operation would be performed in the 
final fixture, the 0-035 in. thick inner panel reinforce- 
ment being welded in 12 places to the flanges of the 
0-062 in. outer panels, as shown in Fig. 6d. The com- 
plete assembly would then be produced by the addition 
of the 0-035 in. inner panel in the same fixture. This 
final operation also involves different metal thick- 
nesses, 0-035 +-0-062 and 0-035 +-0-035 +-0-062. These 
varying metal thicknesses can easily be accommodated 
in the multi-spotweld machine by making the necessary 
adjustments to the heat control switches of the trans- 
formers concerned, but they require the inclusion of 
extra welding guns and transformers when using 
portable welding guns. Extra operations in obtaining 
and disposing of welding guns are thus involved, which 
increase the operational time per fixture. This planned 
method of production would require three operators 
fully employed to meet production schedules. 

The progressive assembly stages of the windscreen 
side pillar are shown in Fig. 7. The upper extension 
panel is welded to the outer side frame (Fig. 7a) and, 
since eight of the welds are in the vertical plane and the 
remaining eight in the horizontal plane, two welding 
guns would be required for this first operation. 

The side frame reinforcement would then be added 
in the second fixture. and again two welding guns 
would be required to produce 10 spots in a horizontal 
plane and 12 in a vertical plane, as shown in Fig. 7). 
All the welds in these two fixtures would be joining 
two thicknesses of 0-035 in. material. 

The final operation, adding the inner side frame, 
would involve welding 20 spots in the horizontal plane. 
Twelve of these on the one flange would be through 
two thicknesses 0-035 +-0-035 in., whilst the remaining 
eight would be through three thicknesses (all 0-035 in.) 
two of which had been previously welded. To perform 
these operations and meet the production schedule 
three operators would also be fully employed. 
Comparison of the two techniques 

By planning the other assemblies in a similar manner, 
the information given in Table I has been prepared, 
showing the labour cost, manufacturing area, and 
storage area required for the two techniques. The 
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Table |[—Comparison of labour costs 





Saving, 
min 


Labour cost per assembly, 
min 
Presswelding 
3-90 
3-90 


Gunwelding 

Centre pillar, LH 6°36 
Centre pillar, RH 6°36 
Windscreen side pillar 

Upper assembly, LH 5-60 4-00 

Upper assembly, RH 5-60 4-00 

Lower assembly, LH 62 0-40 

Lower assembly, RH 62 0-40 
Back window header bar 0-38 
Shroud panel upper 

assembly 
Windscreen upper frame 
Rear comp. shelf panel 


assembly 


2-46 
2-46 


0-39 
0-40 


0-80 


Number of operators 5 
3600 1600 
6000 2700 
(for panels) (for assemblies) 


Manufacturing area, sq.ft 


Storage area, sq.ft 





oller 


Exhaust 


8 — Welding of collar to automobiie exhaust pipe 


labour saving per assembly by the use of presswelding 
iS quite significant 


The effective number of operators required to 


achieve the quoted times is also given: presswelding 
shows a saving of 14 men and a saving in manufactur- 
ing area of 2000 sq.ft 

Although an area of 2700 sq.ft is required for stor- 
ing presswelded assemblies, and no storage is needed 
for the panels which are welded at the rate they are 
pressed, the storage area required for individual panels 


> 


when gunwelding would be 6000 sq.ft. Thus press- 
welding would save an additional 3300 sq.ft. Offsetting 
these savings in labour and space by the use of press- 
welding is the increased cost of tools and machines, 
which would be 100°, higher 

It is only on large or complex components like those 
previously mentioned, however, that presswelding is 
used, but similar multi-spotwelding techniques can be 
applied to smaller and simpler jobs. The welding of a 
collar to an exhaust pipe, shown in Fig. 8, was origin- 
ally carried out on a 50 KVA pedestal spotwelder, the 
two components being located by means of a small 
jig. It was impossible to complete the welding of all 
Six spots with the jig in position and so two spots were 


made initially and the remaining four after removal of 


the jig. The operator did not space the spots equally 
around the pipe, and welds of varying quality were 
produced 

A multi-spotweld machine was made so that the 


six welds could be made simultaneously. The collar 
and exhaust pipe, assembled together, are now posi- 
tioned on a segmented mandrel, the collar being held 
against a locating face by air-operated clamps. The 
mandrel is expanded by a tapered washer attached to 
the piston rod of an air cylinder (also shown in Fig. 8). 
At the same time pressure is applied to the welding 
electrodes by means of six standard air cylinders, 
normally used for portable welding guns. This equip- 
ment is mounted on a base plate erected in a vertical 
plane (Fig. 9). The electronic control panel and 
welding transformers are mounted on the reverse side 
of the plate. The spots are direct welded, the welding 
cables being connected to the segments, which are 
water cooled, as well as to the electrodes. As a safety 
precaution a wire mesh guard is also fitted (shown in 
the illustration at the side of the machine together with 
segments for producing varying sizes of exhaust pipes). 

By installing the multi-spotweld machine a 16°, 
saving in manufacturing time was achieved, for the 
production time per piece was reduced by 15/100 min. 
Since the annual production of exhaust pipes is more 
than 150,000 units, the extra cost of the multi-spot- 
weld machine was offset in approximately 8 months. 


Other Applications 
There are many components which could be con- 


sidered for multi-spotwelding, although the examples 
already referred to have been automobile parts. One 


9— Multi-spotweld machine for attaching collar to exhaust pipe 
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10—Shell assembly of spin dryer 


Multi-spotweld machine for attaching baffle and brake rod 
guide to spin drver shell 


more example presented for consideration is the weld- 
ing of the shell assembly of a spin dryer. A baffle, 
which is welded to the shell in eight places, and brake 
rod guide and bracket assembly, welded in two places, 
constitute the welding operations after seaming the 
Shell itself. The component is approximately 15 in. 
dia. and 23 in. high (Fig. 10). The two welding opera- 
tions are performed simultaneously in a_ special- 
purpose multi-spotwelding machine, shown in Fig. 11. 
The moveable electrodes are shaped to the periphery 
of the shell to minimize indentation and subsequent 
metal finishing. The machine is capable of producing 
600 assemblies per 84 hr shift with a single operator. 

To produce the assembly with a conventional spot- 
welder would involve a two-stage operation with an 
estimated time of 1-55 min. per assembly, which results 
in only 320 assemblies per shift; to meet production 
schedules a second spotwelder would have to be in- 
stalled. By doing this the cost of machines and tooling 
would be about the same for both methods of pro- 
duction, but only one operator would be required for 
the multi-spotwelder compared with two for ordinary 
spotwelders. 

An alternative method of achieving the required 
production would be to install only one spotwelder 
and to produce assemblies on a nightshift as well, but 
difficulties would then be encountered in: 

(a) cela cmati assemblies produced on the second 
shift 

(6) Absorbing these assemblies through metal finishing and 

paint operations, together with those currently being 
assembled on the dayshift. 
In either case multi-spotwelding shows a 100°, saving 
in labour costs. 


Conclusions 


From the few particular assemblies considered in 
this paper it can be seen that application of multi- 
spotwelding involves the installation of more expensive 
equipment, but provided that production demands are 
great enough these extra costs can usually be offset by 
reduced production times and consequent labour 
saving. 

And what of the future? While all-round increases in 
labour costs continue it is appreciated that machine 
and equipment costs will also rise, but if the skilled 
and unskilled pay rates are kept in the correct relation- 
ship it is considered that the wider application of 
multi-spotwelding can lead only to greater and more 
economic production. There is of course the question 
of the better product that results from the ‘mechanical’ 
weld of multi-spotwelding, and it is difficult to express 
this in terms of monetary value, which after all is 
‘Economics’. 
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Dynamics of Welding Production 


HATEVER the whether it be manu- 
facturing weed killer or welded structures, the 
fundamental principles involved in produc- 

tion management are the same 
This has been recognized, and laws defining the 
principles of management have been laid down by 
Au. orities such as Urwick,' Alford,* Taylor,* Fayol,* 
and others, and, since most of these authorities have 
built successful organizations for the control and 
management of large branches of various industries, 
there is every reason to support the application of the 
same principles to welding production management. 
If this concept is true it is necessary for the higher 


process, 


managements to delegate an executive or group of 


executives with the responsibility of creating a system 
that will allow parts of the organization to operate 
efficiently and to produce the goods of right design and 
quality, at the right time, and at economical costs 


Specific Functions of Production Management 


Che principal activity in production management is 
to organize and control a system so that it works 
efficiently. This requires proper planning, organiza- 
tion of functions, and correct administration. 

Planning 

Planning has been defined as “‘the laying down of a 

sensible programme of work as to how, when and where 


it shall be done”’.? It is not the production of masses of 


paper work and a system of armchair management; 
it should provide a practical and workable programme 
on which juniors can rely as an attainable objective 
and which a competent chief knows can be done. 

In larger concerns planning should be done by a 
Planning Department. Target dates for starting and 
finishing work and all relevant information should be 
issued from this department to all responsible for 
operating planned work. It should be used as the 
central information office from which any authorized 
official may obtain reliable information regarding 
forecasts and the progress of work. Supervisors should 
be required to report progress back to the Planning 
Department so that programmes of work may be 
modified to suit the actual extent of work done 

It is not proposed to elaborate on the physical 
aspects of establishing a planning department as this 
information may be obtained from any reputable 


Management 


By D. M. Kerr, M.ANST.W. 


The paper outlines the salient factors that should be 
considered in the establishment of an organization to 
produce efficiently welded structures at economical costs. 


industrial consultant. But it is emphasized that it is the 
application of efficient planning which obtains results. 


Organization of functions 


This is considered as “the breaking down of the 
main project into smaller functions to within the 
capacity of individuals or groups and delegating them 
with the authority and responsibility to carry out these 
functions”’.* 


Administration 


This is “the force which leads sub-ordinates, and co- 
ordinates their functions so that they operate efficiently 
within the organization to the benefit of employer and 
employee. In this, wise leadership is more necessary 
than perfect machinery and intensive organization” .* 

These three factors, planning, organization of 
functions, and administration, are the dynamics of 
industrial management and their successful application 
depends on the personnel appointed for the work. The 
establishment of an efficient staff force probably 
requires more consideration than the choice of 
machinery. Machinery can be made to meet certain 
specification requirements; human beings cannot be 
considered in this way, for they must have the neces- 
sary intelligence and aptitude. They must receive 
training and gain experience, so that when placed in a 
particular environment they will work efficiently. 

The need for proper selection and training of re- 
quired personnel to build up an efficient organization 
for welding production cannot be over-emphasized 


Design for Welding 


Design dictates the process, operations, and, to an 
extent, the volume of work to be executed in the 
production of the designed construction. Therefore it 
is submitted that design is probably the most import- 
ant consideration in the problem of transition from 
riveted to welded structures. 


Manuscript received 24th November, 1958 
Mr. Kerr is with Alexander Stephen & Sons Ltd., 


Glasgow 
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Considerable progress has been made in welded 
design but the optimum design relative to economical 
production costs has yet to be evolved. No doubt the 
optimum from the purely welded design aspect is 
attainable on the drawing board, but whether it would 
be an economical proposition is problematical. 

Welding promotes simple and efficient design, 
together with considerable economy in labour and 
material. This factor should be the key note in design 
policy. Such policy may be affected by the establish- 
ment of a close liaison between the drawing office and 
the production departments. This could be done by the 
appointment of a competent official conversant with 
welding production problems to act in this capacity. 

He should have the authority to ‘vet’ design and, 
provided that operational efficiency of the structure is 
not impaired and the specification and service require- 
ments of the product are satisfied, he should be author- 
ized to recommend suitable modification to the design 
to satisfy production costs alone. He should also be 
responsible for production problems arising from such 
modified designs 

Simplicity in design and standardization of detail 
as far as possible should be aimed at throughout. 

The simplest form of joints should be embodied in 
the design of a welded structure, particularly those 
which promote the use of welding techniques that tend 
to reduce distortion, a subject to be discussed later. 

The joints of prefabricated units connecting to 
adjacent units at the site should follow simple straight 
lines. Staggered butts, forked and interlocking con- 
nections cause considerable increase in work and costs, 
and delays in assembly and erection, and they should 


be avoided in design. Compromised design between 
riveted and welded work should be prohibited. 

As much welding as possible should be eliminated 
by the introduction of flanging and swaging of plating 
as an alternative to use of welded stiffeners, plate 


brackets, and the like (Fig. 1). The use of broad 
flanged beams should be considered in preference to 
fabricating and welding simple heavy I-section girders. 

Weldable castings are recommended when the con- 
centration of welding, particularly in marine diesel 
engine bedplates, is likely to cause persistent cracking. 

Designs that introduce joints in the form of butt 
welds in straight lines throughout large plated struc- 
tures appear to be regarded with apprehension in 
certain structural fields. Technically it is the soundest 
form of design, but its introduction may require 
changes of methods and will lead contractors to 
demand 


Corrugations in platework 
stiffeners 


welded 


used in preference to 
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(a) Accurate fabrication of steelwork 
(b) Equipment for plate-edge preparation having finishing 
limits to a few thousandths of an inch 


(c) Efficient supervisory control of all fabrication and welding 
to ensure a high quality of workmanship 


The problem of design is a major one, calling for 
courage, imagination, and forethought in making final 
decisions. It must be considered in this way because 
design will partly dictate the type of organizations 
required. 

Transmission of information should be reciprocal 
between the drawing office and the production depart- 
ments, for no section can consider itself to be exclu- 
Sive. 

So that designs can be confidently made without 
demands for operations beyond the capacity of the 
works plant and layout, a classification of every 
department’s machinery, layout, machine limits, load- 
ing capacity and rating, material routing, and crane 
capacity should be available to the drawing office for 
ready reference. Information on costs of processes, 
standards of measurement, quality, performance, 
practice, scope of standard operations, rules of opera- 
tions in the works, and staff responsible for the par- 
ticular operations should also be made known. 

Before any change of design is passed to the works, 
whether or not it comes within the scope of the 
classified information of the works capacity, the 
design should be examined by a competent official to 
assess its potential effects on production considera- 
tions and costs. 

In like manner, certain information from the D.O. 
should be conveyed to the works. Certainly this should 
include all specifications regarding quality and 
approved requirements as far as the works will be 
involved, but the subject of operation specification 
may be dealt with by the production departments, 
provided that standard operation procedures have 
been laid down by a recognized authority on these 
aspects, and that information is available to the D.O. 


Fabrication Accuracy in Relation to Costs 


Since the beginning of welded fabrication con- 
siderable emphasis has been laid on the need for 
dimensional accuracy. The truth of this is fairly 
obvious, for the degree of dimensional accuracy of 
components to be welded has an effect of the highest 
magnitude on welding costs. If this is so, how far 
should the organization be developed to reduce this 
high potential cost? 

If it is agreed that absolute accuracy of all com- 
ponents for welding prefabrication is essential, it is 
necessary to forecast as closely as possible the econ- 
omies to be gained from welding against the cost of 
re-organization and the installation of plant and equip- 
ment for this purpose. A ‘break-even’ point in welding 
production costs and production costs of accurately 
prepared components should be established, other- 
wise the costs of accuracy can cancel out the econ- 
omies to be gained from welding. Figure 2 shows a 
hypothetical example of the ‘break-even’ point in the 
two forms of costs. 

In fact, to gain a substantial advantage from auto- 
matic welding, dimensional accuracy to within limits 
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deposition of additional weld metal in Vee Butts 
having a discrepancy of +— in. in the gap and in 
fillet welds having a discrepancy of #,—} in. are shown 
in Tables I and II. These are theoretical values, and in 
practice they are much higher. 

If inaccurate steelwork for welding causes such 
increases in production costs, it is considered that it 
may be profitable to give serious attention to the 
establishment of an organization, and the develop- 
ment of equipment to produce a degree of dimensional 
accuracy which will ensure economical welding costs. 
An effort to establish a higher degree of dimensional 
accuracy will: 


Total costs 


(i) Reveal defects in the existing organization and will 
indicate problems to which research should be directed 
Increase productivity in reduction of man power required 
for welding 


(iu) 


(iii) Permit economical standardization of welding procedures 
to be developed 

(iv) Promote the use of automatic arc welding 
(v) Reduce supervisory and inspection duties and costs, and 
reduce delays incurred by each joint requiring a pro- 


visional welding procedure 


Fabrication for Welding 


If it is agreed that an organization shall be estab- 
lished to produce accurate components at economical 
costs, four main practical considerations generally 
arise 


oo 


(1) 





-—Break-even— 


nis de de A r 


008 004 
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Comparison between accuracy and welding costs 


+ 








Methods of marking off 


002 


O14 O12 O10 


Plate preparation machinery 


(iii) Plate handling methods from stockyard to the welding 


shops and, from operation to operation 


> 


(iv) Steelwork fabrication control and supervision 


of 0-015 in. is necessary in square butt welds for satis- | Methods of marking off 


factory and economical application of these processes. 
Also, with the development of automatic welding to 
fillet welds the same order of accuracy may be required. 

So that the costs of inaccuracy in steelwork are 
appreciated, welding labour costs alone arising from 


Whilst some most creditable work is performed by 
template loftsmen and platers the limits of accuracy 
are not within the order of 0-015 in. required for 
machine welding. It is therefore doubtful if the older 
conventional marking methods, used so satisfactorily 


Table I 
Additienal volume of weld metal and labour costs in 60° Vee butts for gaps greater than standard 





Increase in volume per foot of weld, cu. in 
i; in. gap i 


| in. gap ra 
Increase, Increase, Vol. 


Volume per ft of 
standard gap ( ¢y in.) 
in cu. in 
| 0-46 


, 0-76 
‘ 1-08 


L in. gap 
In rease, 


in. gap 
Increase, 


Plate thickness, Vol Vol Vol. 


204 
148 


12? 


702 153 0-938 
842 110 1-128 
-ORS 91 1-308 


0-469 102 
0-562 74 
0-656 6l 


234 
280 
328 


1-42 
1-80 


374 
0-421 


0-750 53 
0-842 47 
0-985 45 
1-080 42 
1-260 


500 
“686 


106 


125 80 
7 94 


-266 I 
492 


540 
632 


68 
63 
54 


180 47 
46 41 


-476 
620 
896 


968 91 
160 4 
530 72 


727 1-450 
820 1-644 


904 

| 6-00 276 

Average increase in volume 63° 

Increase of number of welders per 
100 welders employed 

Cost per annum at £14 per week 
per welder 


63° 


£44,100 £58,800 
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Table I 


Additional volume of weld metal and labour cost in tee and lap fillet welds for gaps from to { in. 





Increase in volume per foot of weld, cu. in 


Vol per ft of 
Fillet leg, standard 
length, fillet, 

in cu. in F 

15 0-441 

29 } 61-5 0-603 

50 0-275 

72 33% 0-765 


in, gap b in. gap 


Increase, Vol. 
296 
207 
144 
106 


85 0-935 98-5 
26 1-04 82°! 
60 5 : 19 74:5 


98 33-3 34 67 
42 8 : 49 6l 


Whi — =— 


Average increase in vol 

Increase in number of 
welders per 100 welders 
employed 

Cost per annum at £14 
per week per welder 


114 


114 


Increase, 


90 55 $3°5 
45 7 71 49-: 


£79800 


§; in. gap 
Increase, 


| in. gap 
Increase, 


i; in. gap 
Increase, 
ps 


Vol Vol Vol. 
933 
625 
425 
312 
280 
238 
204 
185 
166 
118 i 151 
106 136 


715 
470 
320 
238 
215 
182 
162 
143 


127 


480 
330 
230 
169 
154 
131 
117 
106 
91 
85°! 


Shel 


0-722 


0-96 


1-07 
1-36 
1:60 


1-40 


von 
ck— 


Wwe nNhy 
a 


NWNN — = a ee ee 


“~~ 
> 
— 


179 254 332 


179 254 332 


£126,300 £177,800 £232,500 





Oxyplane machine for cutting plates up to 
40 ft» 10 ft» 2 in. thick (Courtesy British 
Oxygen Gases Ltd.) 


for riveted construction, are suitable for the higher 
degree of accuracy required for welding construction. 
The old methods must be superseded by simplified 
mathematical and trigonometrical principles, which 
can be readily applied by the highly skilled template 
loftsman and plate marker. A system of this nature, 
developed by W. Heigh,° has already been applied in 
certain concerns. It is claimed that accuracy can be 
guaranteed to within -015 in., and if an error does 
exist the procedure reveals it immediately. As such a 
system exists, and the potential economy of its applica- 
tion is realized, it is considered that investigation into 
the merits of the process is worth while. 


Machinery for plate preparation 


The nature of the job to be done usually dictates the 
machinery required. A survey of fabrication processes 
in relation to trends in design should be made to deter- 
mine machine limits and capacities of plant to suit the 
requirements of component fabrication. 

For plate-edge preparation for welding, planing, and 
machine flame cutting both have merits and disad- 
vantages. The modern plate-edge planing machine 
does produce a high degree of accuracy for straight 
edges to be machine welded. In this respect alone, 
where the policy has been laid down to machine weld 


on a large scale, it is submitted that the capital costs of 
an efficient plane may be offset by the high rate of 
welding work resulting from accuracy of the plate edge 
preparation. 

On the other hand, machine flame cutting has a 
wider scope, for its application is not limited to straight 
edges. The number of prepared plates per day from an 
efficient flame cutting set-up can equal that of an 
efficient planing machine. There has been considerable 
development of the flame cutting process, and in a 
short while its efficiency has improved to give an 
accuracy equivalent to that of the modern planing 
machine (Figs. 3 and 4). When considering this aspect 
it may be best to install a flame cutting installation for 
a relatively low capital cost, anticipating its obsoles- 
cence at an early date with the prospect of a more 
efficient equipment being installed later, and to com- 
pare this proposition with the high cost of a planing 
machine, whose capital cost will take considerably 
longer to write off. 

Consideration should also be given to the use of 
automatic control methods for flame cutting equip- 
ment by: 

(a) Magnetic tape 

(b) Punched tape 

(c) Photo-electric cell, 1/100 th size plate negative 
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and the use of computors for determining complex 
geometrical shapes of plates 

Each system has a highly efficient production poten- 
tial and should be seriously considered by concerns 
involved in large-scale or large quantity plate cutting 
operations 


The introduction of any of these methods will of 


course need changes of practice in the drawing office 
and in the operations associated with plate marking 


Plate and bar handling 

Investigation into this problem will indicate that 
considerable costs are involved in transport of plate 
and sections from the stockyard through the various 
fabrication processes until it is finally erected 


Where floor space is limited, and the routing of 


material does not follow straight-line production 
methods, overhead cranes, although expensive to 
install, are eventually the cheapest 

The use of plate lifting magnets, specially designed 


Prefabricated welded construction in assembly and welding 


she ps 


1959 


4— Duplex profile cutting machine. A 
trace of the template lines is trans- 
ferred to burning torches on each 
side (Courtesy Hancock & Co 
(Engineers), Ltd.) 


bogies and lifting cradles, and conveyors for special 
continuous Operations are worth consideration 

Because of the variety and different timings of 
operations it is necessary to establish a system for 
routing considerable quantities of material from the 
stockyard through the various fabricating operations 
to the welding bay. Failure to do this will lead to 
excessive and costly handling of material and may 
retard the flow of components through the shops. 

It is the best practice to arrange floor space for 
ordered dumps of partly finished components awaiting 
the next operation and buffer stocks in ordered stow- 
age of completed components for the welding bay, so 
that machinery and operators are not kept idle await- 
ing work. 

Ordered stowage in buffer stocks between operations 
facilitates routine progress checking of work, for it is 
necessary Only to check these stocks to ascertain the 
general progress of various components through the 
works. 


Assembly and Welding in Prefabricating Shops 


Factors to be taken into account in prefabrication 
are the layout, facilities, and floor space of the welding 
shops. Experience will indicate that the responsibility 
for control of all operations in the welding assembly 
shops should be delegated to an official of managerial 
status; it cannot be left under the divided control of the 
various foremen concerned. 

Welded prefabrication of large structures does not 
lend itself readily to straight-line production because 
it is usual to assembly and weld the components into 
a large unit and to weld them together at the site 
(Fig. 5). Also, with a diversity of size, shape, and area 
of the unit, it is not usually practicable to complete 
individual units at regular timings, permitting each to 
be moved to the next operation as in straight-line 
production methods 

Straight-line production methods should be aimed 
at, and may be instituted with a layout by which as 
much automatic welding as possible is done on down- 
hand butts and fillet welds. The process may require 
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elaborate and expensive jigging arrangements, and a 
shop laid out in this manner may not be readily 
adaptable to a varied form of construction. Floor 
space must be measured in costs. Slow through-put 
means delays and, if the output relative to floor space 
is estimated on this basis, it means higher costs for 
greater areas of floor being used than if the process 
were organized to maintain a fast flow through the 
welding shops. 

The utilization of cranes and lifting equipment 
should be given serious consideration. This is expen- 
sive equipment and its effective use is usually depend- 
ent on the shop foreman or supervisor. As an example, 
a delay of § hr per day waiting for a crane turn on each 
of 6 units, each employing 4 welders, would mean 60 
man hours reduction in welding output per week. At 
an average Output of say 4-0 tons prefabricated work 
per 44 hr welder week this would be equivalent to 
(60/44) x 4-053 tons a week. 

The overall assembly and welding production time 
in man hours for each welded unit should be estimated 
and given to the welding shop supervisor, together 
with the required completion date of the unit. This 
gives him a guide as to the number of men likely to be 
required to finish the work at the right time. 

Inspection of welding and dimensional checking for 
accuracy of welded units should be established as a 
routine practice. Dimensional checking should pro- 
ceed with assembly, during welding, and after welding. 
All datum and level lines appertaining to the unit 
should be permanently marked for identification and 
for register during erection at the site. A staff official 
should be required to certify that each unit is dimen- 


sionally accurate and of satisfactory welding quality 
Standard datum lines at fixed dimensions should be 
permanently inscribed on the shop floor for ready 
check on the size of any unit being fabricated on it. The 
use of highly accurate measuring tools should be com- 
pulsory, and economical jigs and efficient clamping 
arrangements should be provided (Fig. 6). 


Welding Distortion 


The effects of distortion may considerably increase 
the cost of a welded structure, but they may be 
reduced by attention to design, welding process, and 
procedure. 

Where a number of welded components form a 
beam it is usually good practice to position the joint as 


6—Flexible beams used to form jig for shaped plate welded panels 
(Courtesy Kwikform Ltd.) 
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near as practicable to the neutral axis of the section so 
as to eliminate asymmetrical shrinkage from welding. 

The form or geometry of a particular joint should be 
symmetrical as far as practicable, permitting equal and 
opposing thermal disturbance on each side. 

The welding process used has a marked effect on the 
extent of distortion likely to occur. It is increased by 
the number of heat cycles applied to the welded joint. 
(A heat cycle is here defined as one application of one 
electrode and where there is a cooling period in the 
weld metal from melting point to below about 500°C.) 

In hand welding with stick electrodes there is a 
cooling period between each electrode used. But in 
automatic welding with continuous feed electrodes, 
where the joint may be welded in one run, the number 
of heat cycles is only one, and distortion is reduced to 
a minimum. 

The probability of distortion occuring may be ex- 
pressed by an empirical formula: 


D=A+N+C 


A value of unity is assigned for each positive con- 
dition or change of condition in each of the symbols 
expressed: 

4 For each run or layer asymmetric to the neutral axis of the 

joint = | 

N For each heat cycle or electrode deposited = 1. 


C For each cooling period between each electrode deposited 


The closer the value of D approaches the sum 
A-N-+-C the less distortion is likely to occur. 

Consider an automatic weld on a square butt in one 
run onto a detachable backing bar: 


D 1 \ 4 
(1) (O) G1) (O) 


whence Dil)=1, and it can be assumed that the 
probability of distortion is reduced to the minimum. 

Conversely, for a single-V joint manually welded in 
say 6 runs, with SO stick electrodes in all: 


D 1 N c 
(1) (6) (SO) (49) 


whence D(1)=105 and the probability of distortion 
occuring in this joint is high. 


Quality Control of Welding Workmanship 


Good workmanship is invariably associated with 
good organization and supervision. The nature of 
welding sets the standard of supervisory control 
required. In large concerns whose output involves 
hundreds of miles of welded joints per year, the prob- 
lem is a major one. It is greater on the site than in the 
shops, particularly for inspection purposes. 

It may be necessary to record particulars of every 


joint welded in the structure. If so, the record should 


establish the identity of the welding foreman and 
inspector responsible for the work, as well as the pro- 
cedure used and other relevant data entered thereon 
for permanent record. It may be used as an official 
instruction to the foreman and welder as to the pro- 
cedure to be used. 

The foreman should certify that he has inspected the 
completed joint. The welding inspector must certify 
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that he has inspected the joint and that it is or is not 


satisfactory. If the work is unsatisfactory a record of 


the defects is returned to the foreman as an instruction 
for rectification. 

A summary of defects should be recorded each week 
and submitted to the department manager. Welders 
showing excessive defects should be interviewed by the 
head welding supervisor and if necessary transferred 
to the welding school for further instruction. 

Progress of welding as a routine procedure may be 
easily checked by the issue and return of the completed 
records to the inspectors. 


Qualifications for foremen 


The foreman is perhaps the most important link in 
the conveyance of management’s instructions to the 
worker. He is the man whose intimate contact with the 
workers and his attitude towards them has a marked 
effect on their reactions to management policy and 
instructions. 

J. Burns Moreton has stated that the following 
characteristics are essential in the modern foreman’s 
make up: 

(a) Organization sense 

(hb) Time sense 

(c) Cost sense 

(d) Ability to install and maintain discipline 


(e) Ability to delegate work according to the skill of those 
under his control 


(f) Maintenance of a progressive attitude towards develop- 
ment 


(g) Ability to give accurate instructions which are understood 
by the workers 


(h) Ability to co-operate with other departments 
(j) Ability to raise the quality of workmanship 
(k) Maintainance of an even temperament in emergency work 


(1) Avoidance of waste of material 


In addition, he should have a sufficient technical 
knowledge and skill of the process to permit him to 
control the quality of workmanship. It is agreed that 
the incidence of foremen having all these qualifications 
may be small but men of this calibre are essential in 
the industry to obtain the full benefits that welding 
offers. The establishment of such a standard of fore- 
manship can be done only by the industry itself, which 
is by sensible selection and training of candidates in 
the art of supervision and technology of welding pro- 
duction 


Inspection 

An efficient system of welding inspection should be 
established where safety of life and property is in- 
volved. In large concerns employing a number of 
welding foremen the ideas of quality will vary with the 
individual. It is thus necessary to set up a uniform 
standard for welding quality throughout the concern 
and to require that all foremen obtain this standard. 
This may be done by the institution of an inspection 
department under one official with necessary assistants 
responsible for this work. The inspection department 
should not be under the control or influence of the 
welding production supervisors, but should be res- 
ponsible to the departmental manager, and all defect- 
ive welding should be reported to him for appropriate 
action. 

The method and nature of reports may be arranged 
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on a routine basis, so that the manager may be able to 
differentiate between those cases requiring supervisory 
control measures and serious cases involving techni- 
calities of welding. 

It is considered that most fillet welds may be satis- 
factorily dealt with by visual inspection. For butt 
welds, particularly on strength members, representa- 
tive radiographic inspection is considered to be essen- 
tial and should be established as a routine procedure 
throughout the department. Records of all joints 
inspected should be kept for reference. 

The development of ultrasonic testing should be 
considered as it may prove to be more economical than 
radiography. 


Selection and training of welders 


The standard of welders’ workmanship varies con- 
siderably throughout the industry. Often no check is 
made on a welder’s proficiency before he is put on 
production work. This practice is false economy, for it 
needs only a small percentage of inefficient welders in 
the works to increase costs substantially because of the 
rectification of bad workmanship, if it is discovered in 
time. It can also lead to deterioration of the firm’s 
reputation for good workmanship. If it is the policy of 
a company to produce first class work it has a res- 
ponsibility to ensure that all welders before starting 
employment should be given a_ proficiency 
simulating the work they are required to do. 

This selection is done at the author’s works and, in 
addition, routine check tests on the welder’s proficien- 
cy are made every three months. Each welder is re- 
quired to pass a series of tests under an official res- 
ponsible for this work, and the results determine how 
the welder is placed for the following three months 
until the next test period. Applicants for employment 
are required to pass the same tests. Apprentices spend 
44 weeks in practical instruction in the welding school 
in progressive stages during their apprenticeship. 
Record cards of all welders are kept for reference 
purposes 


test, 


Research and Development Work 


The extent of welding research undertaken depends 
on the size of the concern and the nature of welding 
work involved. The larger concerns may, if their 
project is merited, justify the installation of a research 


establishment. Pure research should be left to the 
national research bodies and institutions. Research 
that can be profitably undertaken by welding pro- 
duction concerns is the study of methods and pro- 
cessing. This may be carried out on a simple scale by a 
very small competent staff having practical knowledge 
of the manufacturing methods of welded work, and 
whose responsibility it should be to develop cheaper 
methods of utilization of material, labour, and plant 
with improved quality in product. 


Hand and Machine Welding 
The problem of layout to suit hand or machine 


welding requires serious consideration. The adoption 
of either process depends on the nature of work to be 





KERR: DYNAMICS OF WELDING PRODUCTION MANAGEMENT 


done and whether the concern is prepared to mechan- 
ize its welding processes. 

The merits of hand welding are its adaptability, and 
its application to any welding position and space 
inaccessible to machine welding. 

Its disadvantages are: 


(i) Inefficient electrode holders 

(ii) Limitation of welding currents up to about 500 amp 
(iii) Wastage of electrode stub ends 
(iv) High cost in multi-run joints in thicker plating 


(v) Greater tendency to distortion and residual stresses than 
with automatic continuous feed electrodes 


(vi) Disfigurement by spatter of plate surfaces that are to be 
painted and exposed to view 


(vii) Variation in deposition rates of electrodes under identical 
welding conditions.’ 


On the other hand automatic welding has the merit 
of providing: 


(i) High welding speeds 
(ii) Sound welding, uniform in appearance, and free from 
spatter 
(ii) Considerably lower incidence of distortion 
(iv) Freedom from glare in submerged-arc welding 
(v) Simultaneous welding of 
stiffeners and the like 


opposite fillets on angle 


Its disadvantages are that: 


(i) The process is limited mainly to downhand welding 
(ii) Submerged-arc welding is confined 
protected from inclement weather 


mainly to work 


(iii) The initial costs for one machine welding unit are high 
compared with those for the equivalent of hand welding 
units 


(iv) The setting up time is high if the welding head is to be 
transported from job to job on site work, and the equip- 
ment is idle for longer periods 


If the nature of the welding work is such that auto- 
matic machine welding is the best method to use, and 
to get the maximum the layout of the shop should be 
such that the maximum output from the machine can 
be obtained. Where a large proportion of the work 
involves the welding of flat plates into panels, a layout 
simulating straight-line production processes may be 
achieved by installing fully mechanized and automatic 
welding and jigging equipment. The cost of such an 
installation may be high, but it should be compared 
with the advantages to be gained from its use. 

The turning-over process for welding on the reverse 
side of plate panels may be eliminated if a suitable 
refractory detachable backing bar can be found that 
would permit the weld to be made in one run to pro- 
duce a well-formed bead of penetration on the under- 


side of the plate. Visual inspection only instead of 


expensive radiography may be enough to ensure that 
the plate was welded throughout its thickness. The 
incidence of distortion would be considerably reduced 
as has been proved from extensive tests. 

Stud welding in ferrous and non-ferrous metals 
should be considered as a more efficient and cheaper 
process than drilling, tapping, and bolting. A hand- 
operated portable stud welding gun can easily weld 
200 or more $ in. dia. studs to steel plating in an hour. 
A thousand or more studs in an eight hour day is quite 
reasonable. Considerably higher output is attainable 
with automatic stud welding machinery. 
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The foregoing remarks are submitted to indicate the 
forethought and development required to ensure full 
utilization of automatic welding machinery. The pro- 
ductivity increase obtained from such measures as 
these is well evident in the U.S.A. 


Welding Costs 
Estimating 

Costs for welding operations may be accurately 
estimated. Neglecting overheads, the principal prime 
costs are (i) welders’ labour and (ii) electrodes. 

Doubt has been expressed of the possibility of 
accurately costing a welders’ rate of pay for a given 
piece of work. Despite this opinion it is maintained 
that fairly reliable estimates can be made from the 
actual net arc burning time per foot of joint, which can 
be accurately measured, and from an assessment of the 
time for non-welding or auxiliary operations. * 

The productive values of welding and non-welding 
operations for the purpose of assessing arc burning 
time per clock hour may be obtained by the applica- 
tion of ‘production survey’, sometimes called job 
evaluation, time study, and other terms, but the 
principle involved is the same. 

To do the job efficiently it is best to have a compet- 
ent welding technician trained in the art of production 
survey, Or to recruit a production survey technician to 
co-operate with the welding technician. Their responsi- 
bility would be to investigate methods and procedures 
for the purpose of assessing reliable duty cycles. 

A typical survey based on the tests for fillet welds 
from 0-125 to 0-75 in. leg length in the tilted horizontal 

vertical and overhead positions is shown in Fig. 7. 


Cost control and Cost analysis 


To arouse some appreciation of production costs 
and to give a true perspective it is best to institute as 
far as possible a sensible system of cost control and 
cost analysis. Cost control is the process of advising 
all executives, from the top to the lowest in the hier- 
archy of management and supervision, of the esti- 
mated costs of operations and work for which they are 
directly responsible, and the budget which they are 
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7—Comparison of welding speeds for various welding positions 
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expected not to exceed. Intelligent use of cost and 
operating reports in a concern stimulates appreciation 
and interest in the right type of supervisor to the 
extent that he will make a practical approach to keep 
within a reasonable budget for each operation and job 
Cost analysis is effective in revealing defects in factors 
affecting production costs and gives the following 
information 


(a) Comparison with estimated and actual costs 


(+) Difference in costs of material when ordered and eventu- 
ally delivered 

(c) Overall department costs 

(d) Supervisory costs per unit of work 

(e) Labour costs per unit of work 

each 


(f) Direct cost analysis of 


concern 


person's function in the 


(g) The extent of profitability in new development 

(h) The extent to which investigation and research should be 
developed 

(j) Indication as to revision of policy and change of organiza- 
tion to reduce costs 


Cost analysis should be presented to executives in 
the form of advice for their attention to particular items 
and not as an indictment of their efficiency. It should 
keep the executive clearly informed of costs involved 
in all operations within his responsibility. Cost analysis 
is Static if it is allowed to remain as a statistical survey 
of facts. The summary should be available at the 
earliest possible moment to the supervisor for him to 
take appropriate action. The supervisor should also 
be encouraged and trained to discuss production costs, 
with a view to their reduction, among the responsible 
element of workers in his department. The far-reach- 


ing effect of appropriate discussion is that an apprecia- 
tion of ‘sales sense’ is engendered in those who can by 


willing co-operation recommend methods whereby 
greater utilization of labour material and piant may be 
effected 


Joint Consultation 


It is usually found that staff and workers do not 
respond favourably to dictatorial methods of manage- 
ment. To obtain whole-hearted and sensible co-opera- 
tion in policy making or its enactment, those involved 
must be in agreement with the proposition 
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To obtain agreement involves the process of dis- 
cussion and of communication with the various people 
or groups. 

Communications, particularly in script, lack the 
force of direct discussion, which is the most effective 
method in industry of obtaining agreement at all levels 
of management, supervision, and workers, regarding 
problems involved in production. The consultation 
here is joint; its effectiveness is dependent on good and 
experienced chairmanship. A rational approach will 
invariably obtain a hearing from those possibly 
opposed to the project, and the development of dis- 
cussion may win their confidence and co-operation. 

Efforts to force a conclusion by militant methods 
may promote opposition difficult to overcome. Full 
explanation of the objective should be made to all 
concerned before discussions start. 

Frequent discussions between all parties may require 
to take place to ensure that the objective is clear and 
that the project is approached with open minds. Joint 
consultation must be conducted with integrity and 
tolerance, for at its inception some difficulty may be 
experience owing to the diffidence and suspicion of 
those who have suffered anomalies caused by militant 
managerial methods. But with rational approach, wise 
leadership, and understanding, in most cases the 
dissentients will appreciate the healthier approach to 
production problems and respond favourably to it 
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LOW-TEMPERATURE PROPERTIES 
OF SOME ALUMINIUM ALLOYS 


Four reports on investigations of this subject were 
published in the November 1958 issue of the Journal. 

They are to be discussed at the Spring Meeting 1959 
and, for the convenience of those attending the meeting, 
synopses of the papers are reprinted below. 


Low Temperature Properties of Welded and Unwelded 
AL-5°,, Mg Alloy Plates 
By J. FE. Tomlinson. B.S: 1./.M., and D 


R. Jackson, AJ.M 


Mechanical tests have been made on the aluminium 

5°. magnesium alloy NP.5/6 at temperatures down 
to — 196°C., to prove its suitability for the construction 
of storage tanks for liquefied gases. Its strength and 
resistance to crack initiation increase significantly below 

75°C., although at these temperatures its resistance 
to crack propagation decreases somewhat and, if the 
specimen is large enough, a self-propagating crack will 
form. However, bulk vielding of material in way of the 
potential crack path is a prerequisite, and the work 
demanded is considered to give an ample margin of 
safety. Welds behave in a similar manner to the parent 
plate. The change in the form of fracture which occurs 
at low temperatures is briefly discussed 


Extruded Aluminium Alloys for Low Temperature 
Service 


AN ASSESSMENT OF THE SUITABILITY OF TWO MATERIALS 


By R. J. Durham 


To assist in determining the suitability of two aluminium 
alloys, Noral SOSWP (HE9) and Noral 54SM (NES), 
for service at low temperatures, tensile tests and U.S. 
Navy tear tests (which indicate the resistance of the 
material to the propagation of cracks) were carried out 
at room temperature and at —195°C. Both welded and 
weld-free test pieces made from flat extrusions }; in 
thick in both alloys and extruded 10 in. dia. pipe in 
Noral SOSWP. were tested. The energies absorbed by 
each tear test specimen up to and subsequent to the 
incidence of the maximum load were measured. It was 
found that the tensile strength had increased at the low 
temperature without significant loss in elongation and 
that in no instance were cracks more readily formed and 
propagated at 195°C. than they were at room 
femperature. 


Tear Tests on Aluminium—Magnesium 
Alloy Plate 


By J. Sawkill, Ph.D., and D. James. M.A. 


Tear tests have been carried out on one aluminium- 
magnesium alloy at room temperature and at —195°C., 
on plain and welded specimens. Most of the specimens 
were made from as-rolled } in. plate, but a few were made 
from 3 in. plate. In addition, some Charpy and tensile 
tests were carried out. 

A consideration of the energy values of the tear test 
shows that there is no serious embrittlement of the alloy, 
or enhanced notch sensitivity at low temperatures. For 
some specimens cracking in the plane of the plate occurs, 
and it is thought that this is caused by large tensile 
forces developed in the short transverse direction. This 
direction has been shown to have poorer properties than 
the rolling and long transverse directions. It is considered 
that the cracking is not a serious feature in the use of 
this alloy at low temperatures. 


Low Temperature Properties of Aluminium— 
Magnesium Alloys 


By R. E. Lismer, A.Met., F.1.M. 


Investigations into the behaviour of certain metals and 
alloys at low temperatures, down to that of liquid 
nitrogen, are being undertaken at the Research Labora- 
tory of Lloyd’s Register of Shipping. This paper reports 
the results of a series of tests made on certain light 
alloys in the wrought and welded conditions. Differences 
in the appearance of fractures, and the energy values 
to produce fracture, have been noted between alloys of 
varying magnesium content in the hot rolled, annealed 
or extruded conditions, and for some variation of weld 
quality. 
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INTERNATIONAL INSTITUTE OF WELDING 


Recommended Practice for Radiographic 
Inspection of Fusion-Welded Joints 


FOR STEEL PLATES UP TO 2 IN. (50 MM) 


HE increasing use of X-rays and gamma-rays for 
"te examination of welded joints has made it 
desirable to issue recommendations of a general 
character giving guidance on the application of these 
methods. It is hoped that these recommendations will 
have the effect of ensuring more unified practice and 
of establishing, in a general way, the minimum re- 
quirements which must be fulfilled in order to attain 
satisfactory sensitivity in the test itself. 

The recommendations do not lay down radiographic 
standards of acceptance for the joints; they are con- 
cerned with the acceptance of the radiographs as such. 

These general recommendations of good practice 
refer to the examination of fusion-welded butt joints in 
steel plate up to 2 in. (SO mm) in thickness. 

In the present state of knowledge of radiographic 
inspection of welds, it seems useless and even danger- 
ous to impose strict rules to be followed in order to 
obtain the best results; the final result depends upon 
many variables, e.g. the characteristics of the X-ray 
equipment or gamma-ray sources, the characteristics 
of films and screens, the characteristics and accessi- 
bility of welds. However, there is not as yet general 
agreement on the reliability of the devices employed 
for checking the final result in terms of radiographic 
quality. Such Image Quality Indicators 
(1.Q.1.),* and their use are described in this report. 

These recommendations are, therefore, a compro- 
mise between the two positions considered above. 
They provide general guidance on the techniques of 
radiography with the object of enabling the best 
results to be obtained, and they enunciate some rules 
which are based on generally accepted practice and the 
fundamental theory of the subject 

In the present text the examination techniques are 
divided into the following three classes 


devices. 


Class A~-A general technique for X-ray examination of butt 
welds in mild and low-alloy steels 
Class B—A more sensitive technique intended for use with 
X-rays in special circumstances, or where the class A 
technique is unlikely to reveal the defects sought 
Class ¢ A general technique for gamma-ray examination 
Most cases, in particular where mild steel is con- 
cerned, are covered by the correct use of the specifi- 
cation given for Class A, in which salt screens are used. 
Class B—high-sensitivity X-ray radiography—is 
intended only for more important and difficult cases. 
* The term ‘penetrameter’ is currently used in an equivalent 
sense in some countries, but it should be noted that “Image 
Quality Indicator’ is now an internationally agreed term 


It is a more expensive technique, in which only fine- 
grain films and lead screens are used; longer exposure 
times are therefore required and, on occasions, the 
use of equipment able to give voltages higher than 
those required for Class A. 

In regard to Class C—gamma-ray examination—it 
is to be noted that the visibility of defects obtainable 
even with the best gamma-ray technique is generally 
inferior to that obtainable with the Class A technique. 
The use of gamma-rays should, therefore, be limited 
as far as possible to cases in which the shape, the 
thickness, or the accessibility of the weld renders X-ray 
inspection impossible. It must be mentioned in the test 
report that gamma-rays have been used, and full 
details of the source must be given. 


General 
Protection 

Exposure of any part of the human body to X-rays 
or gamma-rays can be highly injurious to health. It is 
therefore essential that, wherever X-ray equipment or 
radioactive sources are in use, adequate precautions 
should be taken to protect the radiographer and any 
other person in the vicinity. 

Safety precautions to be taken against X- and 
gamma-radiations are specified in the “Recom- 
mendations of the International Commission on 
Radiological Protection”, 1955, London. In most 
countries official recommendations exist. These are in 
the main based on the recommendations of the 
International Commission. 


Surface preparation 

In general, surface preparation may not be neces- 
sary for radiography, but where surface irregularities 
might cause difficulty in detecting internal defects, the 
surface should be ground smooth. It is always advis- 
able to remove surface defects before taking radio- 
graphs. 


Location of the weld in the radiograph 

Markers, usually in the form of lead arrows or other 
symbols, should be placed alongside the weld on both 
sides of it, so that the position of the weld can be 
identified on the radiograph. This may not be neces- 
sary if the reinforcement is retained. 


Report of Commission V — “Testing, Measurement, and Control 
of Welds” of the International Institute of Welding. Document 
1IW/LIS —-6—58 (ex doc. V —- 6-57) 
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identification of radiographs 


Lead letters should be affixed to each section of the 
weld being radiographed. The images of these letters 
should appear in the radiograph to ensure unequivocal 
identification of the section. 


Marking 


In general, permanent markings by stamping the 
work piece will provide reference points for the accu- 
rate re-location of the position of each radiograph. 
Where the nature of the material and its service condi- 
tions render stamping undesirable, other suitable 
means for re-locating the radiographs must be sought. 
This may be done by paint marks, or by accurate 
sketches. 


Overlap of films 


In radiographing a continuous length of weld, the 
separate radiographs should overlap sufficiently to 
ensure that no portion of this length remains un- 
examined. 


Image Quality Indicators 

An I.Q.1. of a type agreed between the contracting 
parties should be placed at one or both ends of every 
section radiographed. It should be placed on the 
surface facing the source of radiation and, depending 
upon its type, adjacent to or across the weld. Only 
where this surface is inaccessible should the 1.Q.I. be 
placed on the film side. If this has to be done, it should 
be mentioned in the report, as the 1.Q.1. indication has 
not the same meaning when the I.Q.I. is placed in this 
position. For details of the 1.Q.I., see p. 128. 

The minimum sensitivity values required from 
1.Q.I.’s should be agreed between the contracting 
parties. These values merely provide a guide to the 
quality of the technique used, and do not necessarily 
bear any direct relation to sensitivity as regards the 
detection of faults in welds. 


Recommended Technique for Making Radiographs 


Films and screens* 

The following types of films and screens should be 
used: 

Class A—According to circumstances, non-screen films may 
be used without screens or with lead screens. The 
thickness of these screens should lie within the 
range 0-001—0-006 in. (0:02-0:15 mm). 

As an alternative, screen-type films can be used in 
combination with high-resolution salt intensifying 
screens 

If, owing to unavoidable circumstances, screen- 
type films are used in combination with salt screens 
of the ‘high-speed’ type, this must be mentioned in 
the report, as this technique causes loss of definition 
Class B—Fine-grain, high-contrast films should be used in 
combination with lead screens. The thickness of 
these screens should lie within the range 0-001 
0-006 in. (0:02-0:15 mm). 


Fine-grain, high-contrast films should be used in 
combination with lead screens. The thickness of the 
front screens should lie within the range 0-001 
0-006 in. (0-02-0-15 mm). The back screens may be 
of greater thickness 


Cassettes 
Films and screens (if used) should be contained in 
cassettes. Rigid cassettes are recommended, but 
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flexible cassettes may be used. In either case, adequate 
precautions should be taken to ensure a good film-to- 
screen contact. 


Alignment of radiation beam 


The beam of radiation should be directed at the 
middle of the section under examination, and should 
be normal to the plate surface at that point, except in 
special examinations for certain defects which it is 
known should be best revealed by a different align- 
ment of the beam, e.g. defects at a fusion face, where 
the exposure should be made with the beam directed 
along the fusion face. 


Interception of unwanted and scattered radiations 


The film should be shielded from all back-scattered 
radiation by an adequate thickness of lead, say 0-05 in. 
(1-5 mm) or more, placed behind the film-—screen 
combination. On account of the back radiation 
originated by the lead itself, a tin sheet about 1 mm 
thick, or better a tin and a copper sheet, each | mm 
thick, should be inserted between the lead plate and 
the film-—screen combination. 

Moreover, in order to reduce the effect of internally 
scattered radiation, adequate masking should be 
provided so as to limit the area irradiated to the 
section under examination. 


Target (source )-to-film distance 

The distance between the film and the adjacent weld 
surface should be as small as possible. 

The minimum target (source)-to-film distance / min 
depends on the effective dimensions d of the focal spot 
or source* and on the distance b between the film and 
the surface of the specimen facing the X-ray tube or 
gamma-ray source. 

The resulting geometric unsharpness u can be calcu- 
lated} from the formula 

bd 
u , 


| om 
It should not exceed the values given below: 


Class A 
0-015 in. (0-4 mm) 


Class B 
0-008 in. (0-2 mm) 


Class C 
0-015 in. (0-4 mm) 
Size of area examined 
The area to take into consideration at each exposure 
should be such that the thickness of the material at the 
extremities of the exposed area, measured in the 
direction of the beam incident at that point, should not 
exceed the actual thickness at that point by more than: 
Class A 


Class B 
10°, 6" 10% 


Class C 





The definitions of the type of recommended films (non-screen 
and screen type, fine grain, high contrast etc.) are related to the 
conventional descriptions of sensitive material. The same 
applied to the high-definition and high-speed salt screens. 
The figures for thickness of lead screens are intended only for 
guidance. 
The effective focal spot dimension is the maximum dimension 
of the projected focal spot in a line at right-angles to the tube 
axis which passes through the target. 

The effective gamma-ray source dimension should be taken 
as the figure quoted in the isotope catalogue. 

* This is an approximation for the correct formula: 
u=bd finin-b) 
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A larger target (source)-to-film distance will, therefore, 
generally allow the use of larger film size. 


Radiograph density 
Exposure conditions should be such that the density 
of the radiograph of the sound weld metal in the area 
under examination, including fog density, lies within 
the range 
Class A Class B 


1-3-—2°3 (for screen-type films) 


1-7-3-0 (for non-screen type films) 


Class € 
?-0-3-0 2:0-3-0 


In order to avoid unduly high fog densities arising 
from film ageing, development, or temperature, the 
fog density should be checked from time to time on a 
non-exposed sample taken from the films used, and 
handled and processed under the same conditions as 
the actual radiographs. The maximum fog densities 
should not exceed 0-3 for Class A, or 0-2 for Classes 
B and ¢ 


Tube voltage or source 

In order to increase the contrast, the tube voltage 
must be as low as practicable. As a basis, the kilo- 
voltage should be chosen so as to give an appropriate 
density with an exposure of not less than 8 mA.minute 
for Class A, and not than 15 mA.minute for 
Class B, for a target-film distance of about 30 in 
(760 mm). Gamma-ray sources give the best results 
above the following thicknesses: Iridium 192, ? in 
(10 mm); caesium 137, | in. (25 mm); cobalt 60, 
1} in. (38 mm) 


less 


Processing 

Films should be processed in accordance with the 
recommendations of the film manufacturers. Particular 
attention should be paid to temperature and develop- 
ing time. The radiographs should be free from im- 
perfectations due to processing or other causes, which 
would interfere with interpretation 


Viewing 

The radiographs should be examined in a darkened 
room on an illuminated diffusing screen, and the 
illuminated area should be masked to the minimum 
required for viewing the radiographic image. The 
brightness of the screen should preferably be adjust- 
able so as to allow satisfactory reading of the radio- 
graphs 


Availability of technical data 


For each radiograph, or set of radiographs, infor- 


available on the 
type of X-ray 
type of film and screen, focus 
(source)-to-film distance, kilovoltage, tube current, 
exposure time, marking system, and on any other 
special circumstances which would allow a better 
understanding of the results 


mation should be 
technique 
gamma-ray 


radiographic 
used, i. equipment o1 


source 


Image Quality Indicators 


In order to provide an objective check on the 
correctness of the technique used in making a radio- 
graph (which would affect the sensitivity of the test), it 
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is usual to record on each radiograph the image of an 
Image Quality Indicator. This device is made of the 
same, or similar, material as that under examination, 
and is placed on the side of the specimen facing the 
source of radiation. The figures calculated from the 
image of the I1.Q.I. should be considered only as giving 
an indication of the sensitivity obtained, and bear no 
direct relationship to the size of the minimum weld 
defect likely to be revealed by the radiograph. Although 
various types of 1.Q.1. are currently in use, the L.1.W. 
recommends that these should in the future be limited 
to two types, based on the designs given below. These 
designs are as yet only provisional, but are put 
forward as an indication of present opinion on the 
subject. 


Wire type 

This device consists of a series of steel wires, 2 in 
(50 mm) long with increasing diameters. The follow- 
ing dimensions have been proposed 


Inches 


0-0040 
0-0050 
0-0065 
0-0080 
0-0100 
0-0130 


MVillimetres 
0-100 


0-125 
0-160 
0-200 
0-250 
0-320 


Inches 


0-0160 
0-0200 
0-0260 
0-0320 
0-0400 


Villimetres 
0-400 
0-500 
0-640 
0-800 

1-000 


The wires are mounted, parallel to one another and 
slightly separated, in a material of low X-ray absorp- 
tion. The device is placed across the weld so that the 
wires lie transverse to the direction of the weld 

he sensitivity figure is given as a percentage ratio, of 
the diameter of the thickness of wire visible to the 
maximum thickness of the weld under examination 
The lower this figure, the higher the sensitivity 


Step-wedge type 
This device consists of a steel wedge, having steps 
of the following thicknesses 


Inches 


0-0465 
0-0635 
0-O785 
0-0980 
0-1200 


Inches Millimetres 
0-0135 0-32 
0-0160 0-40 
0-0200 0-50 
0-0250 0-64 
0-0320 0-80 
0-0390 1-00 
Each step has a size of approximately } »! in. 
(6-5 12-5 mm). In each of the four thinnest steps 
two holes are drilled, and one in all the others. In every 
case the diameter of the hole is equal to the thickness 
of the step in which it is drilled 
The device is placed alongside the weld. The sensi- 
tivity figure may be obtained by one of the following 
methods 


(i) By finding the minimum step thickness in which the 
images of the holes are visible, and calculating the sensi- 
tivity figure as a percentage ratio of the thickness of the 
step to the maximum thickness of the weld under exam- 
ination 


By counting the number of holes a shown in the radio- 
graph, and using the formula: N=a—h, where A is the 
number of holes which would be visible in all the steps 
above a thickness equal to, or exceeding, 5°, of the weld 
thickness examined. The value of N may be negative, 
zero, or positive. The sensitivity is better the higher the 
positive value of AN 





Welding 


RESEARCH 





Welding in CO, 
with Thin Electrode Wire 


CO.,, the electric arc burning between the electrode 

and the work-piece melts the parent metal and the 
electrode wire. The consumable electrode wire is trans- 
ferred in separate series of droplets to the weld pool. 
The weld pool and the droplets at the electrode tip 
are enveloped by an atmosphere of shielding gas, con- 
sisting of CO, together with the carbon monoxide and 
the oxygen produced by the dissociation of CO, gas 
at the arc temperature. These gases interact with the 
fused metal, oxidizing its individual components. The 
composition of the wire determines the trend of the 
metallurgical reactions and their intensity. In the 
welding of mild steel with silicon-manganese wire, the 
basic reactions taking place are the oxidation of car- 
bon, silicon, and manganese; these may be represented 
schematically as follows: 


[' welding with a consumable electrode shielded by 


[C] 10, > CO 
[Si] O, > (SiO,) 
[Mn] O, — (MnO) 


The welding conditions affect the nature of the 
metal transfer ;'~* in consequence they must also affect 
the intensity of the metallurgical reactions which take 
place during the welding process. 

The basic elements of the welding conditions, when 
welding with thin wire in an atmosphere of CO,, are 
as follows: the rate of feed of electrode wire of the 
specified diameter y,, the arc voltage v,y;., which 
determines arc length, the current polarity, and the 
welding speed. The welding current used depends on 
the wire feed rate, the diameter and type of electrode, 
and the characteristics of the welding generator. 

The object of this work was the experimental inves- 
tigation of the effects of these principal welding con- 
ditions on the transfer of alloying constituents during 


By A. G. Potapevskii 


It is shown that the welding conditions affect the intensity 
of the metallurgical reactions during CO, welding with 
thin wire, the strongest effects being due to the arc 
voltage. Above all, the influence of the welding variables 
on the intensity of the metallurgical reactions is bound 
up with the manner of transfer of metal across the arc 
gap. 


welding. This transfer was defined as the difference 
between the concentration of a given constituent in the 
electrode wire and that in the deposited metal for 
different welding conditions. The upper runs in multi- 
pass welds, and small rods of 8 mm dia. cast in copper 
moulds, were investigated, with type St3 steel sheet 
1-5 mm thick as the parent metal. The rods were cast 
in water-cooled copper moulds; as the mould filled, 
so the rod was drawn through it (see Fig. 1). 

The welds were made with type Sv-10GS (State 
Standard 2246-54) electrode wire of diameters 0-5, 
0-8, 1-0, and 1-2 mm, with the same chemical com- 
position for all diameters (see Table I). The normal 
grade of CO, was used as shielding gas. The mean 
CO, consumption was 5-7 litres/min: electrode stick- 
out was 6-8 mm; the welding speed was 25 metres/hr. 
The other welding conditions were varied with relation 
to the test conditions. A d.c. generator with a stable 
volt/ampere characteristic was used for the welding. 

The contents of the various elements were deter- 
mined by chemical and spectro-analysis. The mangan- 
ese and silicon reactions were those principally 
investigated. The nature of the metal transfer was 
Translated for the B.W.R.A. by MajorJ. H. Dixon from the Russ- 

ian paper in Avtomaticheskaya Svarka, 1958, No. 2, pp. 53-58. 


The author is at the E.O. Paton Arc Welding Institute, Ukrainian 
SSR Academy of Sciences, Kiev. 
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Table I 


Compositions of electrode wire and of deposited metal with 
different wire feed rates 


1959 


Table Ul 


Composition of metal deposited from 0-8 mm. dia. electrode, 
on direct polarity 





Electrode Wire 
Dia., mm 


Electrode 
feed 
Rate, m hv ( Si 


Chemical Composition, 


Sv-lOGS wire 0-98 


0-8 146 
0:8 252 
0-8 335 
O-® 614 
1-0 420 
1-0 347 
1-0 35 


0-49 
0-52 
0-56 
0-63 
0-34 
0-43 
0-48 





Reverse polarity, arc voltage 20 V 


investigated from oscillograph recordings and high- 
speed cine film 
the elements decreases with increase in the wire feed 
rate, while Table Il makes it clear that increase in 
voltage causes increase in oxidation. Comparison of 
Tables | and II shows that the arc voltage has con- 
siderably less effect on the oxidation of the elements 
than does the electrode wire feed rate 

















Diagram of apparatus 














Table Il 


Composition of weld metal deposited at different arc voltages 





Chemical 
{ri Composition, 
Voltage, 
,» mm »/ ( i Vin 


1OGS wire ] 10} 


0-§ 
0 
0 
0 
0 
0 
I 


204 
1-2 167 
1-2 167 


l¢ 





Reverse polarity used 


Table I shows that the oxidation of 


Chemical Composition, 
Electrode Feed irc t oltage, 
Rate, m hr b Si Vin 


Sv—10GS wire 10 


s 
S 


25 
457 
457 
457 





Table IV 


Composition of metal deposited on a copper plate 





Chemical Composition, 


irc Voltage, | ( Si Mn 


0-67 
0-60 
0-45 


17 0-10 
20 0-09 
24 0-08 


0-74 
0-63 
0-48 





Electrode feed rate 252 m hr: electrode wire dia. 0-8 mm 


reverse polarity used 


Table II] shows that, when welding on direct 
polarity, the oxidation of the elements at the same 
electrode wire feed rates and arc voltages is somewhat 
higher than on reverse polarity. It has already been 
shown! that the nature of metal transfer depends on 
the welding conditions, but the accompanying figures 
show that the welding conditions also affect the inten- 
sity of the metallurgical reactions, for welding in CO, 

Investigation of metal transfer enables us to assume 
that the main effect of the welding conditions on the 
intensity of the metallurgical reactions must be exerted 
at the stage where the droplet is forming at the elec- 
trode and during its transfer to the weld pool. To 
obtain approximate values for the degree of oxidation 
at the electrode and in the weld pool, the chemical 
compositions of droplets of metal deposited on a thick 
copper plate at high welding speeds were investigated 
The metal was deposited in the form of separate 
droplets, which solidified very rapidly without welding 
to the copper plate. Table IV shows the chemical 
composition of the metal deposited at different arc 
voltages. 

Comparison of Tables II and IV indicates that 
oxidation of the alloying constituents mainly takes 
place during the formation and transfer of droplets of 
electrode metal 

The oscillographic research and high-speed cine- 
matography of the process of welding with thin elec- 
trode wire in CO, show that the burning of the arc ts 
interrupted by short-circuiting of the arc gap. During 
the burning of the arc, the electrode wire melts and the 
droplets grow gradually. The transfer of metal from 
the electrode to the weld pool takes place during 
short-circuiting of the arc gap 

The time for arc burning and droplet formation 
depends largely on the welding conditions. The short- 
circuit time depends only to a small extent on the 
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Table \ 


Influence of electrode wire feed rate on 
metal transfer 





Vetal Transfer Wire Feed Rate, m/hr 
Characteristic 146 252 335 452 
Number of arc short 
circuits, per sec 70 100 105 110 
Time for which a droplet 
exists, 7, sec 
Mean weight P of one 
droplet, g 
Effective surface S of one 
droplet, sq.mm 
Droplet specific surface, 
sq.mm zg 715 697 670 
Coefficient of capacity 
for reaction, ¢ $7/P, 
sq.mm-see £ 


00-0143 00-0100 0-0095 0-0091 


0-00228 0-00276 0-00347 0-00446 


1-630 1-918 2-320 


2-84 


10-2 6-97 6°35 5-80 





Electrode wire dia., 0-8 mm; reverse polarity; 
25 m hr: arc voltage, 20 V 


welding speed, 


welding conditions, and is only 0-0015-0-0025 sec. 
Some figures for the transfer of droplets of electrode 
metal, when welding at various electrode wire feed 
rates and various are voltages, are given in Tables V 
and VI. These show that with increase in the electrode 
wire feed rate, the number of arc short-circuits per 
second increases slightly, the time during which drop- 
lets remain at the electrodes decreases, and the droplet 
size increases. As the arc voltage is increased, the 
number of arc short-circuits per second decreases 
greatly, the time for which the droplets remain at the 
electrode lengthens greatly, and the droplet dimensions 
also increase considerably. Comparison of Tables V 
and VI shows that the are voltage has a considerably 
greater effect than the electrode wire feed rate. 

The values given in Tables V and VI provide a 
qualitative rather than a quantitative picture of the 
metal transfer, since changes in the droplet dimensions 
and surface during their formation and transfer were 
not taken into account in the computations. However, 
even these approximate figures show the clear rela- 
tionship between the welding conditions, the nature 
of metal transfer across the are gap, and the intensity 
of the metallurgical reactions. Thus the intensity with 
which the elements are oxidized increases in every 
case, On increase in the time for which droplets 
remain at the electrode. However, in addition to the 


effect of this time, the following affect the intensity of 


the metallurgical reactions: the droplet temperature 
and surface area, and the quantity of metal transferred 
across the arc gap per unit of time. Therefore the 
attempt has been made, as it was in previous work,* 
approximately to assess the combined influence of the 
droplet surface area, the time for which droplets 
remain at the electrode, and the quantity of metal 
transferred across the arc gap per unit of time, on the 
intensity of the metallurgical reactions. The specific 
coefficient of capacity for reaction, C=ST7/P (expressed 
in sq.mm-sec/g), was examined for this purpose. The 


WELDING IN CO, WITH THIN ELECTRODE WIRE 


Table VI 


Influence of arc voltage on metal transfer 





Arc Voltage, V. 
17 20 24 


Metal Transfer Characteristics 


No. of are short-circuits per sec. 150 100 28 
Time 7 for which droplets exist, 

sec 00-0067 0-0100 0-0357 
Mean weight of P one droplet, g 0-00184 0-00276 0-00982 
Effective surface S of one droplet, 

sq.mm 1-512 1-918 5-140 
Droplet specific surface, sq.mm g 824 697 $23 
Coefficient of capacity for reac- 

tion, C=ST P,sq.mm-sec g 5°51 


6°97 18:5 





Electrode wire feed rate 252 m/hr; reverse polarity 


figures obtained (Tables V and VI) show that the 
changes in the coefficient C provide a good representa- 
tion of the change in the intensity of the metallurgical 
reactions (cf. Tables | and V, UJ and VI). 


Conclusions 


It is proved that, for thin electrode wire of a 
specific composition, the conditions used for 
welding in CO, determine the nature of the metal 
transfer across the arc gap, and the intensity of 
the metallurgical reactions. 
The oxidation of the elements decreases with in- 
crease in the electrode wire feed rate. 
The oxidation of the elements increases greatly 
with increase in the arc voltage. 
The arc voltage has a much greater influence than 
the electrode wire feed rate on the nature of the 
transfer of metal and the intensity of the metal- 
lurgical reactions during welding. 
When welding on direct polarity, the elements are 
oxidized to a somewhat greater extent than on 
reverse polarity, for the same electrode wire feed 
rates and arc voltages. 
It may be taken that the interaction time and inter- 
action surface area between the droplet metal at 
the electrode and the shielding gas are the principal 
factors determining the intensity of the metallur- 
gical reactions when welding with thin electrode 
wire in a shielding atmosphere of CO,. 

The specific surface of the droplets sometimes 
plays a secondary part. 
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Temperature Distribution 
through the Weld Pool 
in the Automatic 


Welding of Aluminium 


The temperatures in the weld pool of aluminium welded automatically were 


measured using chromel-alumel and Pt-Pt/Rh immersion thermocouples. The 
voltage, and parent metal temperature on the 
distribution of temperatures in the weld pool were studied. 


effects of welding rate, are 


ELDING conditions and parent metal tempera- 
W ture exert a considerable influence on the 
resistance of a weld to hot cracking, and on 
the mechanical properties of welded joints in alumin- 
ium alloys. It may be surmized that alterations in the 
welding conditions and metal temperature determine 
the dimensions of the columnar crystals, the direction 
of growth of these crystals, the nature and dimensions 
of the inter-crystalline interlayers, and the degree of 
deformation during crystallization of the weld. These 
welding process parameters depend to one degree or 
another on the nature of the temperature distribution 
in the weld pool. 
rhis article reviews the problems of temperature 
measurement in the weld pool, and the results of direct 
measurement of temperature under various welding 
conditions are given 
Pokhodnya and Frumin! have already invesugated 
the temperature distribution in the weld pool when 
welding steel. The present article examines the tem- 
perature distribution in the automatic welding of 
aluminium and the effect of the principal welding con- 
ditions on changes in temperature in the various 
sectors and at different depths below the surface of the 


weld pool 


Method of Work 


Research was carried out on welding 18 mm thick 
{Mts aluminium alloy plate from a single melt with 
the composition: 1-3°, Mn, 0-3°% Fe, 0-25°¢ Si. The 
plate was automatically welded with almost complete 
penetration of the parent metal within a comparatively 
narrow range of current strength for a given plate 
thickness. The optimum welding conditions for 


By D. M. Rabkin 


18 mm plate are as follows: current, 390-430 amp: 
electrode wire dia., 2:85 mm; wire feed rate, 232 m/hr; 
welding speed, 16 m/hr; arc voltage, 39-41 V; reverse 
polarity d.c. was used. Since current strength is con- 
nected with the thickness of the metal being welded, 
arbitrary alteration was possible only for the welding 
speed, arc voltage, and parent metal temperature. The 
dimensions of the layer of flux were kept constant in all 
the tests: depth 12 mm, width at base 40 mm, width 
at the top 22 mm. 

The temperature of the molten metal in the weld 
pool was measured in three ways: by a chromel-alumel 
thermocouple which moved with the arc; by immersing 
the same thermocouple into a given spot in the weld 
pool, subsequently withdrawing the arc from the 
thermocouple; and by setting up a Pt-Pt/Rh (13°, Rh) 
thermocouple in the path along which the arc moved. 
The thermocouples, all 0-4 mm in dia., were first cali- 
brated for the fusion points of the pure salts and 
metals. The chromel-alumel thermocouple was clamp- 
ed in a special appliance enabling its hot junction to be 
immersed to a specified depth in the weld pool during 
welding and to maintain a given distance from the axis 
of the electrode. 

The temperature at the point of measurement in the 
weld pool was determined directly by a galvanometer. 
To ensure that the slag floating on the surtace of the 
molten metal did not shunt the thermocouple, its end 
was insulated by two thin quartz tubes. The junction 
ball, whose dia. was about | mm, was left uncovered. 
This is a further translation from the Russian periodical Avro- 

maticheskaya Svarka (“Automatic Welding”), 1956, No. 2, 
commissioned by the B.W.R.A. for publication tn the Journal 
Paper translated by Major J. H. Dixon 
The author is at the E. O. Paton Arc Welding Institute, Ukrainian 
SSR Academy of Sciences, Kiev. 





RABKIN: TEMPERATURE DISTRIBUTION IN ALUMINIUM WELD POOL 


3—Specimen record of thermal e.m.f. with filter in 
circuit 








Edge of ; 
Weld Pool 


Owing to the comparatively large dimensions of the 
weld pool, the fluctuations of temperature in the rear 
part did not exceed +-5°C., even when the hot junction 
deviated up to 2 mm to one side of the axis along 
which the electrode was travelling. The fluctuations in 
temperature increased somewhat as the forward part 
of the pool was approached. However, with the weld- 
ing conditions stated, the deviations of temperature 


before reaching the oscillograph in roughly the same 
way as in the project reported in ref. 1. A special 
amplifier-transformer (Fig. 1) replaced the audio- 
frequency amplifier used in that project. The supply 
block consisted of an anode voltage rectifier, an anode 
voltage electronic stabilizer, and a filament voltage 
rectifier. This circuit was used for recording the 


from the mean value at a distance of 20 mm from the 


axis of the electrode did not exceed +-10°C. 
In the investigation of temperature with a stationary 


junction the thermocouple was set up in the axis of the 


butt weld and under it at a given depth. The first test 
for each set of welding conditions was carried out with 


the thermocouple junction | mm above the under 
surface of the plates. In the next test, the junction was 


submerged a further 0-5-1 mm. The tests were carried 
out under constant welding conditions until the 


thermocouple junction left the molten layer and came 


in contact with the cathode spot. When this happened 


the junction fused, showing that a temperature of 
1770 C. had been reached, this being above the 
melting point of platinum. It is assumed that the 


boiling point of aluminium (about 2500°C.) is reached 
in the active spot. 

A normal loop oscillograph was used to record 
changes in temperature. Owing to the low sensitivity 
of the loops; the thermocouple current was amplified 
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1—Circuit diagram of amplifier-transformer 
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2— Diagram of low-pass filter 





thermal e.m.f. from the Pt-Pt/Rh thermocouple. 

A low pass filter (Fig. 2) and a copper oxide rectifier 
were included in the circuit between the amplifier and 
the oscillograph to record the thermal e.m.f. from the 
chromel—alumel thermocouple. The inclusion of the 
filter resulted in the separation of the modulating 
signal, which was then recorded by means of the loop 
on photographic paper, from the amplitude-modu- 
lated oscillations produced after passage of impulses 
through the amplifier. An example of the recording of 
thermal e.m.f. with the filter in the circuit is given in 
Fig. 3. Without the filter, the straight-line section of 
the amplification characteristic varied between 1-2 
and 18-20 mV. With a filter in the circuit, the straight- 
line section of the amplification characteristic was 
between 10-12 and 42 mV; for a chromel-—alumel 
thermocouple this corresponded to a temperature 
range of 300 to 1000-1100°C. 

After each test in which the thermocouple was fused 
it was restored to its original length by taking wire off 
spare reels. The oscillograph tape was passed through 
at a constant speed of 4-5 mm/sec. 


Temperature Distribution through the Depth of the 
Weld Pool 


In each test the chromel-alumel thermocouple was 
immersed in the pool at a distance of 200 mm or more 
from the start of the weld; this ensured that the weld- 
ing conditions had reached a steady state. The 
Pt-Pt/Rh thermocouple was fixed at the same distance. 

The tests were carried out under identical welding 
conditions: welding speed, 16 m/hr; arc voltage, 
39-41 V; the parent metal temperature was 18-20°C. 
The temperature measurements through the depth of 
the pool are shown in Fig. 4. Curve 1-1 was obtained 
from an immersed chromel-alumel thermocouple. The 
points on this curve show values obtained by measure- 
ments from a thermocouple moving with the arc. 
Curves 4-4, 2-2, and 3-3 were obtained by the 
Pt-Pt/Rh thermocouple. They correspond to points 
6-0, 5-0, and 3-5 mm from the undersides of the plate 
being welded. 

This diagram indicates clearly the existence of two 
peak temperature regions in the weld pool. The 
forward region consists of the zone which is under the 
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Distribution of temperature in the weld pool 


direct influence of the arc cathode spot and column. 
The rise and fall of temperature in this region of the 
weld pool are very abrupt. The maximum tempera- 
tures can be determined with considerably less accur- 
acy than in the rear part of the pool. The basic source 
of error here is the determination of the distance from 
the arc to a fixed point. Measurement of this distance 
was accurate to within +0-5 mm; this is linked with 
fluctuations in the depth of penetration of the parent 
metal. The temperatures measured in this region were 
only correct to 150°C. as a result of the steep 
temperature gradient, which at certain points exceeds 
300 C./mm. Fluctuations in pool depth in the rear 
zone, which are within the same limits of +-0-5 mm, 
have hardly any effect on changes in temperature. 
There is a layer of molten4metal under the arc, in 
which the temperature gradient, according to depth in 
the pool, approximates in value to the temperature 
gradient in the region of transition from the forward to 
the rear part of the weld pool. When observing the 
welding process through a shield, it is easy to notice, 


on the surface of the pool, a powerful current of 
molten metal towards the rear part (the direction of 


flow is shown by an arrow in Fig. 4). This current is 
evidently caused by the are force and also by the 
reduction in density of the metal on heating. The 
current of molten superheated metal leaving the for- 


ward region reduces the cooling rate at the surface of 


the rear region of the weld pool by comparison with 
the cooling rate of the solid weld metal. A kink can 
often be seen on the cooling curve of the surface layer 
of the metal, at the point corresponding to solidifica- 
tion. It depends basically on the retarding effect of the 
current of molten metal which carries with it a large 
amount of heat, and to a lesser degree on the liberation 
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5—Effect of welding speed on temperature 


of latent heat on crystallization.’ This kink in the cool- 
ing curve is not revealed in the depths of the pool. 

The temperature gradient along the length of the 
rear zone of the weld pool varies comparatively little 
for points at different depths. This conclusion was 
correct in the example investigated, of full penetration 
of the parent metal. Where penetration of the parent 
metal is incomplete, it should be anticipated that the 
cooling rate will be higher at the root than through the 
depth of the pool. 


Effect of Welding Speed 


The welding speed varied between 7-3 and 20-2 m/hr. 
The weld metal formation remains satisfactory within 
this range of welding speeds; all the other welding con- 
ditions remained the same. 

The thermocouple was gradually immersed more 
deeply into the weld pool during the investigation into 
each welding speed. Oscillograms of the thermal 
e.m.f. for points which were | mm from the lower end 
of the arc during the test are shown in Fig. 5 for 
various welding speeds. These points correspond to 
distances of 2-5, 3, and 6 mm from the lower surfaces 
of the plates for welding speeds of 7-3, 12-5, and 
20-2 m/hr. Table I gives the results of the research into 
the effect of welding speed on the temperature distri- 
bution in the weld pool and the cooling rate of the 
metal. 

The pool dimensions are given along the surface in 
the plane of the weld. The time ¢ for which the metal 
remained molten was calculated from the well-known 
formula 


l 
t (sec) 


b 


where L=length of pool or section of it, and } 
welding speed. 

The average cooling rate of the molten metal was 
determined from measurements at a section of the rear 


part of the pool equal to 30-40 mm. The calculated 
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Table I 


Effect of welding speed 





Length of 

Fwd. part 

of pool, 
yien 
25-30 15-0 
25-30 ; 
25-30 5 > 


20-25 


Welding 
speed, 
mar 

7-3 
12-5 
16-0 


0 J 


Leneth of 
weld pool, 
mum 
91-100 
77_25 
68—75 
60-66 


Se¢ 
part 


l 
x 
6 


5 
5 


Time metal remains molten, 
Rear part 


30 


3 


s 


s 


Depth of 
Molten laver 
beneath arc, 

mm 
37 3.5 35 6 
17 4 7-9-5 20 
11-0 3-4 9 28 
8-0 I 40 


Cooling rate, °C. se 
Mean in Solid metal at edge of pool 
rear part Instantaneous Calculated 


5°5 
16:1 
26:4 
41-0 





Between 5 and 7 tests were made for each welding speed 


instantaneous cooling rate is given for solid metal at 
the edge of the pool: i.e., at the moment of the con- 
clusion of solidification of the weld pool. This corres- 
ponds to 640 C. for welding the A Mts alloy. 

Calculation of the instantaneous cooling rate for 
solid metal was made according to Rykalin’s formula® 
for the single-pass butt welding of plate: 


(7 7 ,) 
(q* V5) 


~ 


aie 


the effective heating power of the arc 


0:24n,. Varc- lar 


efficiency of the process of arc heating a work piece 
0-8 


arc voltage, V 


where q 


, cal sec 


current, amp 


coefficient of thermal conductivity 
0-42 cal cm.sec for A Mts alloy 
specific heat 

0:24 cal g. € 

specific gravity 

2:7 g cu. cm 


é— thickness of metal, cm 


Table I confirms the closeness of the calculated to 
the measured cooling rate for the solid metal at the 
edges of the weld pool. The cooling rate values for the 
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6—Effect of arc voltage on te mperature 
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rear region of the weld pool differ substantially from 
the cooling rate of the solidified metal, and this 
difference considerably exceeds the limits of experi- 
mental error. Accelerated cooling is observed at the 
surface of the weld pool at welding speeds of 7-16 m/hr 
during transition from the molten to the solid state. 
When the welding speed is raised from 16-0 to 
20 m/hr or more, the kink in the cooling curve dis- 
disappears, resembling the effect observed when a 
thermocouple is immersed in the weld pool. 

It can be assumed that the presence or lack of a kink 
in the cooling curve is determined by the manner in 
which the thermocouple passes through the surface of 
superheated moving molten metal that is forced up 
from beneath the arc base. At high welding speeds the 
rear part of the weld pool is greatly reduced; in this 
case the pool of molten metal quickly passes over the 
hot junction of the thermocouple. At low welding 
speeds the hot junction of the thermocouple remains in 
the moving molten metal for a relatively long time, the 
temperature changing slowly. The length of the for- 
ward zone of the weld pool scarcely alters with welding 
speed. It is obvious that the period for which the metal 
remains at a very high temperature is reduced as the 
welding speed increases. In this connection, the length 
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Table II 


Effect of parent metal temperature 





Length of 
Fwd. part 
of pool, 

previ 
25-28 6-0 
30 5-5-6 


20-25 


Length of 
“ eld pool, 


men 


Parent metal 


Temp. ¢ Fwd. part 


S9_S7 


9? 


190-210 


10 
11S to 


2751 


73 &] 25 5 
INS 5-5 


Time metal remains 
molten, sec 


Re 


s 


Depth of 
molten layer 
Beneath arc, 

yun 
57-5 <1] 
15-0 
34-42 


Cooling rate, C. sec 
Solid metal at edge of pool 
Instantaneous Calculated 


Mean in 


ar part rear part 


10-16 25 oi 
5 7 11-5 l 
s 
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33 
13-5 
4-5 


5 l 
8 2:0 2 





Each temperature measurement was repeated 4-8 times 


bm 














Influence of parent metal temperature on changes in tempera- 
ture at a point 1 mm below the arc spot 


of the rear part of the weld pool and the length of time 
the metal remains molten are most noticeably reduced. 
Che depth of the layer of molten metal also decreases, 
in particular when the welding speed rises above 
16 m/ht 


Effect of Arc Voltage 


[he dimensions of the weld pool, and particularly 
its width, alter with the arc voltage. Alteration in weld 


pool temperature is recorded for points on the axis of 


the weld at a distance of 5 mm above the under surface 
of the plate (Fig. 6). An increase in are voltage has 
been observed to cause only a slight increase in the 
maximum temperature at this level; this may be linked 
with the temperature gradient in that part of the weld 
pool. The length of the weld pool corresponding to 
points I,, |,, and |,, which are in a plane 5 mm above 
the under surface of the plat:s, increases to some 
extent with increase of arc voltage. The nature of cool- 
ing in the rear part of the weld pool varies little with 
the are voltage 


Effect of Preheating the Parent Metal 


Chromel-alumel thermocouples were sealed into 
the specimens, which were 500 300 mm and were 
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heated by gas torch to a specified temperature, after 
which welding began. By the end of the tests the 
temperature of the entire plate had been raised 
50-70°C. by heat liberated from the arc. However, the 
specified parent metal temperature was maintained up 
to the moment when the weld pool came into proxim- 
ity with the Pt-Pt/Rh thermocouple; this can be seen 
from the oscillograph record (Fig. 7). 

The results of tests during research into the influence 
of parent metal pre-heating are given in Table II. The 
welding conditions were constant: welding speed, 
16 m/hr: are current, 390-430 amp; arc voltage, 
34-41 V. 

Table II leads to a somewhat unexpected conclusion: 
the length of the forward part of the weld pool 
scarcely depends on the parent metal preheat tempera- 
ture. This is clearly evident in Fig. 7, which shows the 
thermal e.m.f. oscillograms for points 5, 4, and 7 mm 
from the lower surfaces of the plate, corresponding to 
parent metal temperatures of —10, 120°, and 

280°C. The rear part of the weld pool lengthens 
appreciably with increase in parent metal temperature. 
Here the depth of the layer of molten metal under the 
arc also increases materially. The cooling rate for the 
molten metal in the rear part of the weld pool, in par- 
ticular at its surface (Fig. 8), is lower than for that in 
the solidified weld metal. Not only the length but also 
the width of the weld pool increase with rise in parent 
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metal temperature. This somewhat reduces spatter and 
accordingly raises the value of m;. As a result, the 
calculated weld cooling rates are somewhat higher than 
those actually measured. 

We can conclude from Table II and Fig. 7 that 
heating of the parent metal materially reduces the 
temperature of the rear part of the weld pool, and 
evidently reduces its average temperature; this agrees 
with the theoretical relationship between average weld 
pool temperature and parent metal temperature 
advanced by Dyatlov.‘ The effect of heating the parent 
metal on the temperature distribution in the weld pool 
leads to the following conclusion, which is valuable for 
understanding weld metal crystallization. When the 
parent metal is preheated, the dimensions of the weld 
pool increase, as Fig. 9 shows. With unchanged weld- 
ing speed, the linear rate of traverse of the crystal 
front remains constant, since the growth of crystals 
is limited by the rate at which the arc recedes. 

The growth of crystal A is completed at point B 
while the weld pool traverses from A to A!. Preheating 
lowers the cooling rate and also the rate of crystal 
growth. Thus the welding speed alone is not the basic 
factor of weld metal crystallization. The time during 
which the metal is molten in the rear part of the weld 
pool is more important. Since the forward part of the 
weld pool alters little in extent in the welding process, 
this factor may as a first approximation be replaced by 
the period for which the metal of the whole weld pool 
remains molten. The determination of this factor does 
not require special apparatus. It is only necessary to 
have a representation of the shape of the pooi and the 
welding speed. 

The connection between weld crystallization con- 
ditions and hot cracks in the welding of aluminium 
alloys will be examined in another article. 


Conclusions 


Measurements of the temperature distribution in 
the weld pool of automatically welded aluminium have 
demonstrated that: 


(1) The forward extension of the weld pool varies 
very little with the welding speed or the temperature 
of the parent metal, or the arc voltage, but does 
depend on the arc current. 


(2) Sharp changes in temperature, owing to erratic 
movement of the arc, are observed in the forward 
part of the pool. 

(3) The surface of the rear part of the weld pool 
(over the large range of welding speeds and parent 
metal preheat temperatures investigated) is charac- 
terized by a slower cooling rate than in the solid 
metal of neighbouring parts of the weld; this is 
basically explained by the presence of the powerful 
flow of molten superheated metal forced up from 
under the arc. 

(4) Preheating reduces the temperature in the rear 
part of the weld pool and also, probably, the mean 
temperature of the metal in the weld pool. 

(5) The thickness of the layer of molten metal 
beneath the arc increases greatly with rise in the 
parent metal preheat temperature. 
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It seems rational, on the basis of this research, to 
assume that the basic factor in the weld crystallization 
process is the period during which the metal remains 
molten. 
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RECOMMENDATIONS TO AUTHORS 


Authors of papers submitted for publication in the BrirsH 
WELDING JOURNAL will greatly help the editor if they follow the 
recommendations to: 


1. Submit two copies of the complete manuscript and illustra- 
tions, including the top copy of the text. 


2. Type in double spacing on one side only of the page. 
(Duplicated reports, unless copied on non-absorbent paper, 
and typed in double spacing, cannot be accepted.) 


3. Insert mathematical expressions and Greek symbols in hand- 
writing, allowing ample space between words for remarks to 
the printer. 


4. Draw diagrams, graphs, and other line work in Indian ink 
on stout tracing paper, tracing cloth, Bristol board, or white 
stiff drawing paper. 

It is helpful to make illustrations about twice the size of 
the final reproduction, which will generally be about 
34 in. or 64 in. wide. 


5. Insert all lettering on drawings in light pencil, not in ink. 
The correct size and style of lettering will be completed in 
ink by the editor. (It is generally preferable to submit 
original unlettered drawings together with duplicate prints 
fully lettered.) 


6. Supply photographs (in duplicate) as glossy bromide prints, 
with as much contrast as possible. They should not be 
trimmed to any given size but it is useful to indicate in pencil 
on the backs of the prints any particular area that must be 
reproduced 


- 


State the magnification of photomicrographs. 


8. Avoid lettering or marking the faces of photographs. If this 
is needed in the final reproduction it should be indicated on 
spare copies. 

9. Avoid the duplication of information in both tables and 
diagrams unless the latter are specially needed to draw 
attention to some trends or other features of the results, 
which would not be evident from a tabular list. 


10. Make the title as short as possible. 


11. Supply the author(s)’ qualifications and positions in their 
organizations. 

12. If the paper is accepted, supply brief biographical details and 
recent portraits of the authors. 
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News of the Institute and Branches 


B.W.R.A. 


and Industr\ 


MEETINGS 
Second Annual Lecture 


he Second Annual Lecture will be given 
at the Institute, 54 Princes Gate, London, 
S.W.7, on Thursday, 12th March 1959, at 
5.30 p.m. for 6.00 p.m 

The Lecturer will be Sir Leonard Owen, 
Managing Director of the United Kingdom 
Atomic Energy Authority, and his subject 
will be Welding in Relation to the Atomic 
Energy Programme 

Admission will be by ticket only, obtain 
able from the Secretary of the Institute. In 
the first instance only one ticket will be 
issued to each member applying, but 
requests for additional tickets will be placed 
on a waiting list 


Training and Testing of Welders 


A two-day Conference on the Training 
ind Testing of Welders is being organized 
at the Institute, 54 Princes Gate, London, 
S.W.7, on Thursday and Friday, 17th and 
18th September next. The Conference 
follows upon a similar Conference held at 
Ashorne Hill in September 1956, when the 
functions and education of welding engineers 
were considered and some 20 papers were 
discussed This year it 1s proposed to hold 


four sessions dealing respectively with 


1 What ought one to expect from a 
Welder” 
Present Methods of Training Welders 
Present Methods of Testing Welders 
(including some papers from Over 
seas) 
Is National Certification feasible or 
desirable? 


The object of the Conference is to 
exchange opinions and knowledge, not to 
reach findings or recommendations. Thus 
the answers to the question which is the 
title of the first session will no doubt vary 
very greatly according to the section of 
industry from which they come. The subject 
is, of course, controversial but here as so 
often tt is true to say that “heat ts in propor 
tion to the want of true knowledge” 


Other Societies 


INSTITUTE ACTIVITIES 


SPRING MEETING, 1959 


The following is the timetable and pro- 
gramme for the Spring Meeting 1959 which 
is being held at the Institute from 20th to 
24th April. 


Monday, 20th April 


6 to 7.30 p.m. 
Institute 


Opening Reception at the 


Tuesday, 21st April 

8.30 a.m. to 12.45 p.m.—Coaches leave the 
Institute for the following Works Visits 
The A.P.V. Company Limited, Crawley, 
Sussex 
Vickers-Armstrongs (Aircraft) Ltd., Wey- 
bridge, Surrey 
British Oxygen Research and Develop- 
ment Ltd., Morden, Surrey 
Ford Motor Company Ltd., Dagenham, 
Essex 


Wednesday, 22nd April 

9.30 a.m. to 12.30 p.m.—First Technical 
Session—Presentation and discussion of 
the following papers 
Low Temperature Propertie s of Welded 
and Unwelded Al-—S Me Alloy Plates 
by J. E. Tomlinson and D. R. Jackson 
Extruded Aluminium Alloys for Low- 
Temperature Service” by R. J. Durham 
Tear Tests on Aluminium-Magnesium 
i/lovs” by Dr. J. Sawkill and D. James 
Low Temperature Properties of Aiumin- 
ium Magnesium Alloys” by R. E. Lismer 


6.45 p.m., for 7.15 p.m.— London Branches 
Joint Dinner at the Connaught Rooms, 
Great Queen Street, London, W.C.1! 
Tickets 32s. 6d 


Thursday, 23rd April 


8.30 to 9.15 a.m.— Coaches leave the Insti- 
tute for the following Works Visits 
Geo. W. King, Ltd., Stevenage, Herts 
Dawnays Lid., Welwyn Garden City, 
Herts 
G. A. Harvey & Co 
Greenwich 
British Oxygen Gases, Ltd., Cricklewood 


(London) Ltd., 


Friday, 24th April 


9.30 a.m. to 12.30 p.m.—Second Technical 
Session—Presentation and discussion of 
the following papers 
“4 Survey of the Present Position on the 
Economics of Welding” by A. G. Thomp- 
son 
“Dynamics of Welding Production Man- 
agement™ by D. M. Kerr 
“The Economics of Multi Spotweiding™ by 
M. H. Lummus 
“Structural Applications of Stud Welding” 
by R. W. Taylor and Dr. J. C. Chapman 


All day—Official visit of members of the 
Institute to the Engineering, Marine, 
Welding and Nuclear Energy Exhibition 
at Olympia 


The papers for the first technical session 
were published in the November 1958 issue 
of the Journal, and those for the second 
session are to be found elsewhere in this 


issue 


WORKS VISITS 


The A.P.V. Company Ltd. 


The Crawley Works of The A.P.\ 
Company Ltd. were completed in 1956 
occupying some 184 acres, this factory is 
considered to be one of the most modern 
production units of its kind in the United 
Kingdom 

The metal working plant of this Company 
is the culmination of 49 years pioneering 
and development work, firstly, in the welded 
fabrication of aluminium, and subsequently 
in copper, nickel, and stainless steel. In these 
shops, vessels of all kinds are fabricated 
from metals ranging in thickness from 4 in 
for stainless steel up to 6 in. for aluminium 
During the visit of the Institute, the differ- 
ent types of manual and automatic welding 
equipment used, such as Argonaut and 
Sigma, will be seen, together with all other 
production and control equipment which 
go to make up a modern metal working 
plant. In the Laboratories, special emphasis 





will be placed on the work of the metal- 
lurgical department, and particularly of the 
radiographic and welding research sections 

Apart from fabrication work, A.P.V. are 
well-known as manufacturers of specialized 
process equipment, mainly in stainless steel, 
for the dairy, brewery, food, and chemical 
industries The manufacture of heat ex- 
changers, homogenizers, evaporators, ice 
cream equipment, pumps, filters, valves, 
and stainless steel pipe unions and fittings 
will be seen in the main engineering works 

The stainless steel and non-ferrous 
foundries of A.P.V. Paramount, the sub- 
sidiary foundry company, will also be visited 


Vickers-Armstrongs (Aircraft) Limited 


The Weybridge works of Vickers-Arm- 
strongs (Aircraft) Limited is concerned 
exclusively with aircraft design and produc- 
tion. Under construction there are the well 
known Viscount turbo-prop airliner, of 
which over 400 have been sold, and the 
Vanguard, the first of which has just made 
its maiden flight and is the only second 
generation turbo-prop airliner in the world 
The vast experience gained with the Viscount 
has been put to good account in the Van- 
guard, which is a larger aeroplane, with a 
bigger payload and a longer range 

These works have grown from a small 
motor car assembly shop, dating back be- 
fore the first world war, when it was known 
as the Itala works. It is now a vast area of 
workshops and hangars strung around the 
famous Brooklands motor racing track (of 
other days) and the historical aerodrome 

Aircraft engineering is a specialist busi- 
ness; the main criterion being the use of 


issembly of ‘Vanguard’ fuselages and flight 
decks at Weybridge 


NEWS AND ANNOUNCEMENTS 


4utomatic welding of heavy 
gauge aluminium vessels at 
Crawley) 


light alloys with ultimate strength) weight 
factors. Welding is used nowadays mainly in 
secondary structures in aircraft but it does 
find much application in jig construction 
and in the diverse equipment needed for 
aircraft construction 

Many of the fabricated assemblies that go 
to make up an aeroplane are of interest to 
engineers engaged in heavier branches; 
particularly in methods of attachment and 
in general ingenuity of design. The extensive 
use of production tooling is, however, the 
chief attraction for most of the visitors, who 
gain a good idea of the very large invest- 
ment of capital required in planning a new 
aircraft today 
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British Oxygen Research and Development 
Limited 

Since the formation of the British Oxygen 
Company in 1886, as a small concern to 
manufacture oxygen, the organization has 
grown, and its interests have become diversi- 
fied, so that it now comprises a group of 
many companies. Their activities include 
the production of atmospheric and other 
gases, fabrication of plants to produce these 
gases, the application of the gases in the 
medical and industrial field, production and 
application of gas and electric welding 
equipment, manufacture of chemicals such 
as melamine and polyvinyl acetate, manu- 
facture of die castings 

Although, as befits a large and progressive 
organization, The British Oxygen Company 
have always carried out a considerable 
amount of technical work, it was not until 
1945 that a separate Research and Develop- 
ment Department was formed. Owing to the 
difficulties in obtaining new buildings at that 
time, the new Department was compelled to 
take over an existing factory and to adapt it 
to provide laboratory and other facilities 
rather than to design and build special 
premises. Additional land and buildings 
have been acquired and the present estab- 
lishment is a mixture of specially designed 
and of adapted structures 

Because of the importance of research and 
development to the British Oxygen Group, 
a separate Company, British Oxygen 
Research and Development Limited 
(B.O.R.A.D.) was formed in October, 1956 
to take over these activities. B.O.R.A.D 
thus exists to serve the whole of the interests 
of the British Oxygen Group, which com- 
prises some 18 major Companies at home 
and 14 major Companies overseas. The 
B.O.R.A.D. staff numbers about 400, of 
whom about 25°, are graduates in science 
or engineering. 

The work carried out by B.O.R.A.D. for 
The British Oxygen Company is financed 
either by the operating Companies or from 
a central fund depending on the circum- 
stances. In addition, some work is carried 
out for other organizations including 
Government Departments 
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B.O.R.A.D. is divided into six principal 
Departments, Cryogenics, Metallurgy and 
Equipment, Chemical, Engineering, Basic 
Research and Pioneer Research with an 
cillary services dealing with analytical work, 
information, patents, administration and 
accounts 

The work covers a very wide field and 
includes the application of low temperatures 
ind gas handling techniques particularly in 
the separation and distribution of atmos 
pheric gases and utilization of these gases in 
the medical and industrial fields including- 
ing welding, development of new chemicals 
dissolved acetylene technology, collection of 
basic information, for example, on the 
physical properties of gases and materials of 
construction and work on ideas which 
could form the basis of future products for 
the Group 

The tour arranged for the Spring Meeting 
will enable visitors to see something of the 
facilities available and examples of work in 
these fields with particular emphasis on the 
work on welding, which ranges from a basic 
study of the electric arc through controlled 
experiments designed to give scientific in 
formation on the welding process to the 
study of new welding techniques. The 
demonstration will be supplemented by a 
film showing some of the investigations 
employing a high-speed camera to slow 
down the processes for detailed study 


Ford Motor Company Ltd. 


Moved from Manchester, the Ford works 
began operating at Dagenham in 1931. Here 
the advantages of the Thames-side site have 
been exploited for the import of raw 
materials and the export of the finished 
products—some 1800 complete units per 
day. Constructed on the principle of self- 
sufficiency, the plant covers 28 acres and in- 
cludes an 1800 ft wharf capable of berthing 
vessels up to 10,500 tons cargo-carrving 
capacity 1 power station which could 
supply the domestic needs of a city of 
380,000; and a blast furnace with a daily 
output of about 650 tons of pig-iron. As 
well as being the only motor factory in 


Part of cylinder head machining transfer 
line at Dagenham 


< 
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Great Britain making its own pig-iron, the 
Company is unique in the European motor 
industry in manutacturing its own coke, 
coke-oven gas and by-products. Of the two 
foundries, one has been recently completed 
with the most up-to-date equipment, whilst 
the extensive rolling mill produces the many 
types of bars required 

The factory employs the Ford-pioneered 
system of “flow-production”. The casting 
or forging flows along a line of machine- 
tools and can be watched taking final shape 
through all the stages. A significant example 
of this process is the automatic transfer line 
for machining the blocks of the Consul 
(4-cyl.), the Zephyr (6-cyl.), the Fordson 
Major tractor and the Trader truck. An 
issembly line even more variously occupied 
is that which accommodates seven models 
the Prefect and Anglia, the 7 cwt vans (each 
standard and de luxe), and the 5 cwt van, all 
of them powered by the 1172 c.c. engine. At 
a third line of more than 700 ft can be seen 
the final assembly of the Zodiacs, Zephyrs 
ind Consuls—saloons and convertibles 
from where the vehicles leave the building 
under their own power 

Besides the work of the chemists and 
metallurgists, planned systems of quality 
control and inspection are in operation at 
manufacture: from the 
foundry to the final phase of production, 
through the countless machine shop opera- 
tions and on the assembly lines. For instance 
engines are tested on dynamometer stands 
pistons and connecting rods weighed in sets 
before assembly in cylinder bores; and 
imong many tests to which the complete 
vehicle is subjected, is a drastic water test 


every Stage ol 


Dawnays Limited 


The business was founded in 1870 by the 
late Sir Archibald Dawnay in a small office 
near the Mansion House in the City of Lon- 
don. It quickly gathered momentum and 
grew into a prosperous concern, and in 1897 
it became incorporated as Archibald D. Daw- 
nay & Sons Ltd. At this time, a small works 
was in operation at Cardiff and a works was 
ibout to be opened at Nine Elms in Battersea. 
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A large-scale move took place in 1907, 
when the London end of the business 
became concentrated in the present works at 
Steelworks Road, Battersea, and from then 
up to the outbreak of war in 1914, the 
Company was given a rapidly increasing 
number of large contracts. One of the more 
notable of these was the steel constructional 
work involved in the building of the London 
Stock Exchange followed by such projects 
as the Baltic Exchange, London; the Royal 
Hospital at Cardiff; the London Homoeo- 
pathic Hospital; Electric Power Stations at 
Cardiff and Blackfriars and the new Head 
Office building of Londen and South 
Western Bank. During the first war most of 
the Company’s energies were devoted to 
Government contracts, but by the time 
peace was restored their work covered such 
a wide field both by its nature and also 
geographically, that a new branch was 
established at Norwich quickly followed by 
others at Welwyn Garden City and Swansea 
Although offices in Victoria Street had been 
occupied for some time, it was found nec- 
essary to open new Branch Offices at 
Southampton, Romford, Peterborough and 
Hull, and in the last named city a works 
was also added in 1948 

Between the wars a great volume of over- 
seas constructional work was undertaken 
by Dawnays while at home they were 
engaged on such imposing projects as the 
development of the Slough Trading Estate, 
and of the Crown site occupied by John 
Barker & Co. in Kensington (where build- 
ing was interrupted by two world wars); the 
Piccadilly and Dominion theatres; large 
West-End cinemas; the Masonic Peace 
Building in Great Queen Street; Brimsdown 
Power Station; Brettenham House; and the 
St. Helier Hospital, Carshalton 

In 1935 the name of the Company was 
changed to its present title, Dawnays 
Limited, and in 1943 it was incorporated as 
a public company. When war again in- 
volved this country in 1939, Dawnays had 
grown into a very large and well equipped 
organization, keyed to play a vital part in 
the war effort. In conjunction with the 
various Ministries concerned, the Com- 
pany’s designing and fabricating skill were 
used in the creation of such structures and 
installations as “Pluto”, the Mulberry 
Harbour, and other top secret operations 
known only by code names such as 
“Whale” and “Phoenix” 

In addition to these large-scale fabrica- 
tions, Dawnays took part in innumerable 
less extensive but no less important schemes 
It was they, for instance, who made many of 
the buildings which were destined to become 
weird looking disguises for dispersed air- 
craft and which were of such material help 
in the Battle of Britain, while a notable 
proportion of their capacity was concerned 
with the production of Tank Landing Craft 

After the war considerable extensions 
were made to the Company's existing works 
and with the additional facilities at Hull 
already referred to, the Company found 
itself handling more than 30,000 tons of 
fabricated structural steelwork annually 

With the exception of Battersea, which 
has a river wharf, all their Works possess 
private railway sidings and the Company 
employs something over | ,000 people. Every 
type of fabrication is undertaken, from brid- 
ges and cinemas to oil derricks and barges, 
and almost all types have been exported 
to overseas markets, as well as being 
produced extensively for the home market. 
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Geo. W. King Limited 


The factory is a modern one built for the 
most part since the war on a site of 30 acres 
With some 1600 employees, the bulk of the 
production is concerned with mechanical 
handling equipment in the form of over- 
head conveyors of the Company's patent 
Dual Duty and Power Pulled types, which 
are in use throughout the world. A large 
quantity of a wide range of electric hoists is 
produced, and overhead travelling cranes 
are also manufactured. The Company has 
used welded fabrication for a number of 
years and were pioneers in the manufacture 
of the electrically welded Lattice Beam 
overhead crane 

The firm hold the Royal Warrant for the 
supply of dairy farm equipment to the Royal 
farm at Windsor and are leading manu- 
facturers of equipment such as automatic 
drinking bowls, calf pens, bull corners, 
partitioning for milking sheds and par- 
lours. Extensive schemes of pneumatic grain 
handling plant for farms have been supplied, 
as well as pneumatic conveyors for industry 
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Turnover jigs for fabrication of crane 
members at Argyle Works, Stevenage 


G. A. Harvey & Co. Ltd. 


For many years the firm of G. A. Harvey 
& Co. (London) Ltd., of Greenwich, has 
been known for the variety of the welded 
fabrications it produces, in addition to 
many sheet metal products, perforated 
metals, and wirework 

The Institute visitors will be concerned 
primarily with the Heavy Construction De- 
partment and, in particular, the fusion- 
welding shop which was first commissioned 
in 1945 and was completed in 1951 

The shop is in three bays with a length of 
700 ft, and is served with eight 40-ton 
travelling gantry cranes. The clear height is 
30 ft. The first bay is equipped with fully 
automatic visible arc and submerged arc 
welding units together with manipulative 
equipment for use with pressure vessels and 
the like. This bay also houses the radiographic 


1 hay of the fusion-welding shop at 
Greenwich (Courtesy Welding and Metal 
Fabrication) 
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section, which includes two stationary and 
four portable X-ray units. Radioisotopes 
are also used for weld inspection 

Three other features of particular inter- 
est in this bay are the 3500 ton vertical bend- 
ing rolls and the adjacent bogie-type plate 
heating furnace, and the test bed for 
hydraulic and pneumatic proof testing of 
completed vessels 

Part of the central bay is used for storage 
of plates and other material received from 
outside. At one end is a large planer with 
four cutting heads, which produces accurate 
prepared edges for welding on curved plate 
This bay is also served with rotary shears, a 
10 ft guillotine, 30 ft plate bending rolls, 
and a multi-head flame planing machine 

In the third bay is a number of machine 
tools—lathes, drills, and borers—a flame 
profiler, and smaller automatic or semi- 
automatic welding units. The bay also gives 
adequate space for a number of manual 
welding booths complete with light capacity 
manipulators 

Since almost the whole output of this 
shop is required to be stress relieved, one 
important item of equipment is a 47 ft long 
stress relieving furnace, 15 ft wide and 15 ft 
high, housed at one end of the first bay 

Much of the material coming to the 
fusion-welding shop has already been par- 
tially shaped in the Heavy Construction 
Department, which has a wide range of 
equipment for dishing vessel ends, flash butt 
welding of rings, and for bending and rolling 
thick plate 

The Company directs an important part 
of its energies to development work and 
specialist research, and it has well-equipped 
metallurgical laboratories, where experi- 
mental work on welding, heat-treatment, 
and the mechanical properties of joints and 
materials is studied 

During the tour of the works visitors will 
see in various stages of fabrication the wide 
range of construction undertaken by the 
Company. Though many of the more 
spectacular items have been built for the oil 
industry and for nuclear energy plant, there 
will almost certainly be many smaller but 
complex pieces of equipment built in mild 
steel and stainless steel for other industrial 
applications 


British Oxygen Gases Ltd. 


The Sales Technical Service Department 
of B.O.G. at the Cricklewood factory in- 
cludes comprehensive facilities for the 
demonstration of the various welding and 
cutting processes that are the speciality of 
the Company 

Visitors will be given der onstrations of 
general gas welding and cutting, including 
flame gouging, and will te shown the opera- 
tion of gas cutting machines. These will in- 
clude both profile and straight-line cutters 
suitable for square edge or bevel prepara- 
tions. The cutting of heavier materia'—40 
to 50 in. thick and more—will aiso be 
demonstrated. 

On the arc welding side, apparatus 
designed for use with the inert-gas welding 
processes will be demonstrated. The non- 
consumable electrode (tungsten-arc) equip- 
ment will be used for welding the lighter 
gauges of aluminium and stainless steel, 
whilst the welding of thicker materials, in- 
cluding mild steel, will be demonstrated with 
metal-arc consumable electrode equipment 

Argon arc spot welding of stainless steel 
and tungsten-are cutting of various metals 
will also be demonstrated. 
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SCHOOL OF WELDING 
PECHNOLOGY 


The fourth prospectus of the School ts 
available and contains details of the 
to be offered between April and 
October this year. Elsewhere in this issue of 
the Journal will be found a brochure listing 
the courses and containing a form on which 
either a place may be reserved on specific 
courses or application made for the copy ol 
the Prospectus 

Several of 
nearly fully booked so that early application 


now 
Courses 


the Courses listed are already 


is essential if a place ts to be secured 


Brazing, Technology and Design 


The response to the first course on this 
subject has been such that a repeat is being 
June. Dates are: 8th to 12th 
More than 80 enrolments were 


offered in 
1959 


received for 


June 


the first course 


NEWS OF MEMBERS 


I Hesketh, Associate of the Liverpool 
and District Branch, has obtained a Bronze 
Medal and First Class Pass in Electric Arc 
Welding in the City and Guilds Welding 
Examination for 1957-58. Mr. Hesketh also 
ta First Class Pass in Oxy 


obtarnec Acetylene 


Welding in the previous year 


E. M. Wilson, formerly Welding Investi 
gator Aluminium Laboratories Ltd 
Banbury, Oxon, has now joined the staff of 
Bristol Aerojet Limited as Welding Develop 


ment Engineer 


with 


Odituary 


The Co 
of the tollowing members 

Sir Claude Dixon Gibb, K.B.I D.Sc 
F.R.S., on 16th January, 1959, Chairman 
ind Managing Director of ¢ \ 
and Co. Ltd., Newcastle 


ncil regret to record the deaths 


Parsons 
upon Tyne 
B.Sc., M.1.C.E 


Engineer, par 


Dipl. Ine 


Consulting 


F. J. Samuely 
M_.1.Struct.t 
t known tor his use o 


> 


2nd January 


welding in 


esign, on 19SY 


R. D. Wallace, A.M.Inst.W., Radiologist 
it Yarrow & Co. Ltd. from 1949 until his 
December 1958. He 


ttee member of the West of Scotland 


death im was a past 


comn 


Brancl! 


CONTRIBUTORS TO THE 
JOURNAL 


R. W. Taylor, 
Sales Manager of 
(Stud Welding) Ltd 
n many 


A.M.LE.I 


Crompton 


M.Inst.W 
Parkinson 
has a wide experience 
branches of engineering. His early 
training as a Student Apprentice was with 
The British Thomson-Houston Company 
from 1928 to 1931, and for the following six 
a number of commercial 
departments with them 

In 1937, he joined the Air 
sequently taking up various specialized 
with the Ministry of Aircraft Pro- 
duction until the end of the war. He was 
then appointed Sales Manager of The 
Power Equipment Company and, in 1947, 
he joined the British Cyc-Arc Company, 


years he served in 
Ministry, sub 


duties 


R. W. Taylor 


also as Sales Manager, to deal with their 
stud welding activities 

Mr. Taylor joined Crompton Parkinson 
Ltd. in 1950, being appointed Sales Man- 
ager for the Company's Nelson stud welding 
section and subsequently also for the Cyc- 
Arc interests when that Company 
acquired by Crompton Parkinson Ltd. in 


1952 


Malcolm H. 


was 


Lummus, A.M.I.Mech.t 
A.M.Inst.W., is senior Design Engineer in 
charge of Welding Equipment Design at 
Vauxhall Motors Limited. He was born in 
1925, and was educated at Dunstable 
Grammar School and at the Luton and 
South Bedfordshire Further 
Education 
He served 
Company 


College ol 


with the 
them 


his apprenticeship 
and has remained 
from that time 


a. 2.4 


with 


Chapman graduated from 
Imperial College in Civil Engineering in 
1942. After serving in the Royal Engineers 
he returned to Imperial College in 1946 as a 
research student. In 1948 he joined the staf 
of the Civil Engineering Department 


BRANCH NEWS 


= Management Problems 


The lecturer for the December meeting 
was an old friend of the Branch, Mr. R. R 
Butler, who drew from his considerable 
experience to talk on “Some Problems of 
Management.”” He made a comprehensive 
survey of the main problems from his 
initial point that the industrial scene con- 
sists of two chief features: an intense mat 
erial background, with a mental and 
psychological foreground in which all the 
human figures are gathered 

Rapid technical advances had compelled 
management to give greater attention to 
things rather than to people, and the need 
to keep up with technological progress had 
added to the personal problems 

On the human the chief anxieties 
could be listed as: the distinctive resistance 
to change; what has been called the ‘welfare 
State’ mentality; and the mass emotion of 
large bodies of men. Nor could the spiritual 
aspect be disregarded, for it was Mr. Butler's 
opinion that many of the discordant ele- 
ments in the rapidly changing social life 
were really symptoms of an inert spiritual 


side, 


D.M. 


1959 


Kerr M. H. Lummus 


D. M. Kerr, M.Inst.W., is Shipyard De- 
velopment Manager of Alexander Stephen 
& Sons, Limited, Glasgow. Educated at the 
L.C.C. School of Engineering and Naviga- 
tion, Mr. Kerr served his apprenticeship as 
plater and welder at the Woolwich works of 
Harland and Wolff, afterwards remaining 
with that firm until 1931. He then joined the 
Refinery Engineering Department of Tate 
& Lyle Ltd., as welding engineer. In 1937, he 
became Department Manager with Arc 
Manufacturing Co. Ltd 

Mr. Kerr joined his present Company in 
1944, as Welding Manager, becoming Steel 
Construction Manager in 1946, In his 
present position, to which he was appointed 
in 1954, he is responsible for design in con- 
nection with the production of welded ships 
and for the development of welding fabri- 
cating processes, methods, and materials in 
ship construction 

Well known the 
served as technical assistant from 
Mr. Kerr has presented 
papers and contributed to the Handbook of 
Welding Design, and Welding in 
Shipbuilding Admiralty 


where he 
1941-44 


previous 


Institute, 
several 


“Electric 


published by the 


Reports of Meetings 


There was a danger that in the daily 
atmosphere of technical “know-how’ the 
machine would take over and men become 
their cars, TV, computer, or of 


IIness 


slaves to 
mass emotion 

If such a situation developed there would 
be an even greater need for constructive 
leadership at all levels. Leadership, Mr 
Butler suggested, was the projection of 
personality on the circumstances surround- 
ing the leader—a man who could stand firm 
against the hypnotism of pressure 
groups and who possessed an insight into 
the spiritual values which lay behind individ- 
ual lives 

During an interesting and 
cussion, several points were brought out, 
among them the need to guard against 
favouritism, and the tendency to employ 
graduates and public school boys in leading 
posts without technical or executive experi- 
ence. Here the speaker felt that this was not 
entirely wrong, for it meant that good 
brains with high-level training were being 
put to good use, particularly as today the 
new trends in education were bringing the 
well-trained technician and _ technologist 
rapidly to the fore 


mass 


serious dis- 





The Branch’s appreciation to Mr. Butler 
for his stimulating talk was expressed by 
Mr. Eyres, a shop foreman, and Mr 
Parsons H.R. 


The first half of the 1958-59 session has 
been successful. Activities opened on Ist 
October with a paper on “Recent Develop- 
ments in Inert Gas Welding” by W. A 
Woolcott. This was well received by the 54 
members and 8 visitors present. The late 
G. G. Musted was the speaker at a meeting 
in Bolton on 13th October on “Welding as 
a Career for Adventure” which proved an 
informative and provocative talk. The 
Branch were very sorry to hear of his un- 
timely death early in December. On 5th 
November, Dr. L. E. Benson, F.I.M., pre- 
sented a paper on “Residual Stresses—Do 
They Matter?” and left his audience in no 
doubt that they most certainly do 

The largest meeting was held on 17th 
November at the Engineers’ Club, Albert 
Square, when a panel answered questions 
on “Design for Welding”. The chair was 
taken by the Branch Chairman, R. D 
Watson, and on the panel were E. Fuchs, 
M.A., A.M.1I.Mech.E., F. Koenigsberger, 
D.Sc., DiplIng., M.I.Mech.E., W. ¢€ 
Partridge, A.M.Inst.F., and J. Allen. In the 
time available, it was not possible to deal 
with all the questions that the audience of 
107 wished to put, but those that were 
raised ranged over the whole field of weld- 
ing design, from pressure vessels to sheet 
metal details: from structural work to 
fabricated gear wheels. Members were 
pleased to have Mr. G. Parsloe with them 
for the meeting. At the close, he welcomed 
the many visitors present and gave them an 
outline of the work of the Institute in pro- 
moting knowledge of the welding sciences 
In view of the evening’s success, the Branch 
is planning a similar meeting in the near 
future 

The first half of the Session was closed on 
3rd December with a paper by F. J. Wilkin- 
son, B.Sc., A.M.1.E.E., A.M.1.Mech.E., on 
‘Welding in the Rocket Motor Industry.” 
Of considerable general interest, the paper 
dealt with the types of steels used for rocket 
motor casings, the problems encountered in 
welding these steels, and quality control of 
the welds. Two films were shown of the 
Bristol Bloodhound ground-to-air guided 
missile in use, and a number of members 
took part in the discussion following the 
paper J.M.W 


ez Jodrell Bank 


At a joint meeting of the Branch with the 
Rotherham Engineering Society, held in 
Rotherham on 12th January, a talk was 
given on the Jodrell Bank Telescope by Mr 
C. N. Kington, M.B.E., B.Sc., M.L. Mech.f 
and was attended by approximately 150 
members 

After Mr. Kington’s outline of the main 
design principles and some of the problems 
encountered 1n the building of the Telescope 
a film was shown depicting the various 
stages of construction and emphasizing the 
size of the project. 

The speaker then enlarged upon certain 
of the aspects he had stressed in his opening 


NEWS AND ANNOUNCEMENTS 


remarks. An exceptionally interesting meet- 
ing was concluded by a number of questions 
which had to be brought to an end after the 
talk had lasted for 2} hours. J.S.W. 


Aime Metallurgy of Welding 


The lecturer at the meeting held on 10th 
December was Mr. D. Llewellyn, who 
presented a paper on “The Culture and 
Specialization of Metallurgy with Welding 
Progress’’. He recalled some results of early 
approval tests for metal arc welds in which 
impact and ductility values were very low 
in comparison with those demanded from 
modern electrodes. Whereas the early tests 
produced failure in the welds it is now more 
common for fracture to occur in the parent 
plate; a demonstration of the improved 
ultimate strength and ductility of modern 
weld metal deposits. 

Mr. Llewellyn then dealt with electrode 
coatings, and showed how the application 
of physics to new and improved formula- 
tions had advanced from the old-fashioned 
slag fusion tests. He also discussed the effect 
of gases in weld metal and methods for their 
elimination, as well as the characteristics of 
helium, argon, and CO,, which are used in 
so many of today’s processes 

The lecturer covered in detail the use of 
iron powder in electrode coatings and the 
catalytic function of iron and iron oxide in 
facilitating chemical reactions during the 
welding cycle. He also mentioned the recent 
electro-slag process developed in_ the 
U.S.S.R. and used there and in Germany 
for welding thick sections 

During the course of his paper Mr 
Llewellyn illustrated with slides some of the 
failures that had resulted from fabrications 
which had been patched up by welding, 
showing how it was possible to bring the art 
and science of the process into disrepute 

An interesting discussion was opened by 
Mr. A. J. H. Griffiths, and the lecturer 
answered a number of questions, including 
the following: Ductility must be assessed 
with metallurgical knowledge—specimens 
taken across the fibre of the steel gave good 
results, whereas those made in the same 
direction as the fibre structure were poor 
so that the position of the notches had to be 
considered in the interpretation of the 
results 

Asked what he thought was the greatest 
advance in welding, Mr. Llewellyn stated 
that although this was difficult to assess 
what immediately came to mind was the 
improvement in welding technology in 
regard to supervisory staff, resulting in 
better control; advances in design; and the 
ability to weld bigger and thicker sections, 
for instance, by the electro-slag process 

4 vote of thanks to Mr. Llewellyn was 
proposed by Mr. R. W. Allan (Past- 
Chairman) B.K.B. 


INTERNATIONAL INSTITUTE 
OF WELDING 


Tests for Welding Low-Alloy Steels 


Appeal for Information 


Sub-Commission B (Weldability of Steels 
in Relation to Transformation Character- 
istics) of Commission IX (Behaviour of 
Metals Subjected to Welding) of the I.1.W. 
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has recently undertaken an investigation of 
the Controlled Thermal Severity weld- 
ability test, to determine the reproducibility 
of results from one laboratory to another. 
This investigation showed that, if reason- 
able care is taken with the examination of 
the weld cross-sections, the same materials 
will receive similar ratings, when examined 
in different laboratories. 

Whilst the C.T.S. test is widely used for 
determining the weldability of alloy steels, 
in the U.K. and abroad, there is little pub- 
lished evidence on the correlation between 
test results and fabrication experience. 
Accordingly, the Sub-Commission has 
adopted as its next task the collection and 
assessment of such data. Organizations con- 
cerned with welding structural alloy steels 
are invited to co-operate in this work, In- 
formation on works fabrication experience 
is valuable, even if the corresponding test 
results are not available. It may often be 
possible to supply these from B.W.R.A.’s 
extensive records. 

An absolute undertaking is given that, in 
no circumstances will the names of organ- 
izations be divulged and, in any report, 
countries of origin will not be mentioned. 

Organizations willing to help with this 
very worthwhile task are asked to write to 


P. H. R. Lane 
British Welding Research Association 
Abington Hall 
Abington, Cambridge. 


NEWS FROM INDUSTRY 


New Head of Welding at Aluminium Lab- 
oratories 


A. R. Woodward, B.Sc., A.F.R.Ae.S., 
has been appointed Head of the Joining 
Division of the Development Department 
at Aluminium Laboratories Ltd., Banbury. 
He will be responsible for the investigation 
and development of all methods of joining 
aluminium with particular reference to 
welding. Mr. Woodward, who was educated 
at King Edward VI School, Stourbridge, 
and Birmingham University, joined Alumin- 
ium Laboratories Ltd. in 1948 as a research 
investigator and worked for a number of 
years on the mechanical properties of 
aluminium, including fatigue. 


C. S. Milne & Co. Ltd. 


At their 43rd Annual General Meeting, 
held at the Charing Cross Hotel on 8th 
January, Mr. C. S. Milne reported another 
successful year. Before the meeting, the 
Company entertained the shareholders to 
luncheon, 


STUB ENDS 


> Penguin Books have published in their 
Pelican series, “Health in Industry”, by 
Donald Hunter; price 4s. Both compre- 
hensive and concise, this paperback covers 
diseases and accidents prevalent in industry, 
including those related to electric arc weld- 
ing, as well as their treatment and pre- 
vention. It contains, too, a number of 
informative plates 

> Some useful information can be obtained 
from E. Molloy’s booklet, “Questions and 
Answers on Oxy-Acetylene Welding”, pub- 
lished by George Newnes Ltd., price 12s. 6d. 
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P In their Annual Review of Progress in 
1958, The British Thomson-Houston Co 
Ltd., announce that the standard ignitron 
contactor units have been redesigned mech- 
anically to improve accessibility and to 
accommodate temperature-controlled ig 
nitrons. These units will be in production 
early in 1959 


DIARY 


2nd 4th March School ot Welding Tech- 
nology——Course on Metal Spraying 


2nd March—-West Wales— Non- Destructive 
Testing by H. Webborn (Swansea Tech- 
nical College) 


3rd March — Eastern Counties — Metal Spray- 
ing Techniques by Mr. Shepherd (Electric 
House, Ipswich, 7.30 p.m.) 
East Wales—Welding in the Rocket 
Industry by F. J. Wilkinson (South Wales 
Institute of Eng., Cardiff) 


Sth March—North Eastern (Tyneside) 
Shipvard Re-organization for Welded Con- 
struction by R. Straton 


6th March—Birmingham—J/ndustrial Air 
Liquefaction and Rectification by Dr. | 
Din 
South Western—The Self-Adjusting Ar 
Welding of Aluminium and its Alloys by 
E. M. Wilson (Radiant House, Bristol 1, 
7.15 p.m.) 

9th March—Manchester—Annual Dinner 
Sheffield——7he Function of Stress Reliev- 
ing by Dr. R. Weck (Grand Hotel, Shef- 
field, 7.15 p.m.) 

10th March——Liverpool-—-Welding Equip- 
ment Salesmanship by R. H. Boughton 
(College of Technology, Byrom Street) 

12th March—Second Annual Lecture (54 
Princes Gate, S.W.7, 5.30 for 6 p.m.) 
South London—High-Temperature Braz 
ing by A. Cibula (Institute of Metals, 
6.30 p.m Joint meeting with Institute 
of Metals) 


I1¢%h March—East Midlands— Design and 
Fabrication of Diesel Engine Frames by 
M. A. Deighton and S. Cooper (Lincoln, 
Joint meeting with Lincoln Engineering 
Society, 7.15 p.m.) 

16th-20th March—School of Welding 
Technology—Welded Design and Con 
struction in Corrosion- and Heat-Resist- 
ing Materials 


17th 19th March—Leeds —Works Visit (to 
be arranged) 

18th March —North Eastern (Tees-side) 
Sir William Larke Medal paper— Welding 
of Spheres and Bullets in situ by M. Noone 
and W. C. Holliday 

North London—Welding Techniques on 
Railway Rolling Stock by H. Banks and 
I Forman (54 Princes Gate, S.W.7 
7w p.m.) 

West of Scotland— Some Welding Tech- 
niques for X-ray Soundness by M. R 
Kilgour 

Wolverhampton—Paper for Northern Sec- 
tion of Branch Area by R. J. Fowler 
(Holly Bush Hotel, Wolverhampton 

30 p.m.) 


19th March—Southern Counties— Welding 
of Aluminium and its Alloys by A. R 
Woodward and H. C. Constantine 


20th March—North Eastern (Tees-side) 
Annual Dinner 


21st March—Liverpool—Works Visit, Eng- 
lish Electric Co., Accrington 

24th March—South Western—Recent De- 
velopments in Welded Structures by A. \ 
Hooker (Stothers & Pitt, Bristol Road, 
Bath, 7.15 p.m.) 


25th March—East of Scotland—ZLatesi 
ipplications of Gas Welding and Cutting 
(British Oxygen Gases Ltd., Polmadie 
details to be circulated later.) 
South London (Medway Section)—Wh) 
Weld Automatically? by I. C. Fitch (Sun 
Hotel, Chatham, 7.30 p.m.) 





APPOINTMENTS 
Situations Vacant 


BRISTOL AEROJET LIMITED 


have a vacancy in their Rocket Motor 
Organization for a SENIOR WELDING 
METALLURGIST. A degree in Engineering 
or Metallurgy and/or equivalent professional 
qualification ts essential 

The applicant will be required to control a 
group of technicians concerned with the de- 
velopment of new projects in ultra high 
tensile steels and non-ferrous metals. Famili- 
arity with automatic welding processes and 
experience of carrying out programmes of 
experimental work requiring initiative, and 
practical application ts desirable 

This is a Senior appointment, and the 
salary will be commensurate with the qualif 
cations and experience of the successful 
applicant 

Excellent Staff Superannuation Scheme 
housing assistance and removal expenses will 
be offered to successful applicant 

Apply in writing to 


The Personnel Manager 
Bristol Aerojet Limited 
Banwell, WESTON-SUPER-MARrE 
Somerset 
Quoting Ref.BJ 3 


Warwickshire Education Committee 


MID-WARWICKSHIRE COLLEGE OF 
FURTHER EDUCATION 


wick New Road, Leamington Spa 
pal- H. M. Marklew, M.Sc., A.M.LE.F 


Applications are invited for the post of 
Grade ‘B’ Assistant in the Engineering De- 
partment to take Practical and Ancillary 
Subjects in Craft Courses. Applicants should 
have good industrial experience and be 
qualified to teach Machine Shop Engineering 
or Welding Agricultural Engineering 

The College a new and expanding 
establishment with several advanced courses 
There are very well-equipped workshops and 
the post offers considerable scope to a good 
applicant 

Salary will be in accordance wi 
Burnham Technical Report, £625 
£25 to £1,025, with additions f 
qualifications and training. This scale 
subject to an increase of 5 The starting 
salar will depend on age and previous tr 

ustrial or teaching experience 

Application forms may be obtained fror 
the Principal and should be returned withir 
14 days of this advertisemen 

N._ A. Y. Yorke-l 


‘ v Educa nO 


THE BAKER PERKINS GROUP OF 
COMPANIES 


require two 


TECHNICAL REPRESENTATIVES 


for their subsidiary company—Yates Plant 
Limited. Applications are invited from men 
between +0 and 50 years who possess a know 
ledge of mechanical handling plant and, pre 
terabl experience of manipulative equip- 


nent arc welding. Sales experience 











essential. One of the nm appointed will be 


based on London and the other on the 
Company's Bedewell Works, Hebburn-on- 
Tyne. Each representative will be provided 
with a car 

Applications, which will be treated tn strict 
confidence, should include full details of 
qualifications and experience to date and be 
addressed to the Personnel Manager, Baker 
Perkins Limited, Peterborough 


CENTRAL ELECTRICITY GENERATING 
BOARD 


Welding Metallurgist required in the Chem 
istry and Metallurgy Section of the Research 
Laboratories, Leatherhead, Surrey 

The successful candidate will be respons- 
ible for the investigation of welding problems 
associated with the construction and opera- 
tion of conventional and nuclear power 
Stations 

Applicants should have an Honours degree 
or equivalent, and must be fully conversant 
with welding theory and practice; and pre- 
ferably have had experience of the problems 
associated with welding austenitic steels 

Salary on a scale within the range £1,195 
to £1,775 p.a. according to duties and res 
ponsibilities 

Application forms obtainable from Per 
sonnel Officer, 24,30 Holborn, Londor 
E.C.1, should be completed and returned 
as soon as possible. Please mark envelopes 


Confidential Ret. BW) 36 


WELDING ENGINEER 


The Broken Hill Proprietary Company 
Limited require for their shipyard at Whyalla 
in Australia a well qualified and full 
perienced Welding Engineer capable of 
introducing radiographic examination 

A passage to Australia will be arranged tor 
the applicant and his family, and rented 
accommodation will be provided 

Applications should be made to the follow- 
ing address and should contain full details of 
academic qualifications and particulars of 
employment with welding application 


y ex 


The United Kingdom Representatiy 
The Broken Hill Proprietary Co. Ltd 
Hanover House 
14 Hanover Square 


Lonpon, W.1 


CHIEF WELDING ENGINEER 
£1500—£2000 


A long established and progressive Company 
in Scotland engaged in structural and heavy 
plate work of the highest ality requires a 
Chief Welding Engineer to take charge of a 
Welding Department whict 

aspects of welding for the Design Office 
works and sites throughout Britain. This 
Department is already staffed but is being 
expanded and has been provided with new 
fully equipped metallurgical and welding 
laboratories with associated offices, and 
machining and test facilities. Candidates 
should have an Engineering Degree or Cor 
porate Membership of a Senior Engineering 
Institution. Sound practical experience, par 


advises on all 


ticularly of t effect of welding procedures 


and methods on qu: ind dimensional 
accuracy is important. Wide knowledge and 
experience ot and gas welding pro 
cesses and of t lems of welding a wide 
range of matecriais required. COrgar ing 


and managemer y will be taken 


fully 
nto conside 
Promotion n xist bev« 
position a t stance Wi 
with rem« 
All app c 
ontidence by ¢ rdustrié 
sultant who has been 1 
this appointment and should 


to Box No. 228 


Situations Wanted 


Welding Instructor leaving the Service Ist 

ay, 1959. Twenty years welding and in 
structor experience in Oxy-Acetylene and 
Electric Welding. Age 39. Accept any high- 


class welding position 
L. S. Griffin (A.Inst.W 
1S Inf. Wksp. REME 
British Forces Post Office l¢ 
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MUREX “MURAFLUX A” for submerged-arc welding 


“Muraflux A” is the first of a new range of Murex 
granular fluxes for submerged-arc welding. It has 
been specially developed for the welding of mild steel 
by all machines using A.C. or D.C. for submerged-arc 
welding. 

The flux may be used with ordinary filler wires but is 
specially recommended for use with “Murawire WI” or 
““Murawire W2” supplied by Murex. When used with these 
wires, “‘Muraflux A” produces welds of high radiographic 
standard suitable for Class 1 work, and the flux has 


been granted approval by Lloyd’s Register of Shipping 
and is accepted by the Ministry of Transport. 

**Muraflux A” is suitable for either the single pass or multi- 
pass welding of various joints in mild steel as well as plug 
welds and the building up of worn mild stee! parts. Good 
penetration can be obtained and unfused flux can be re- 
covered for further use. 

**Murafiux S.1” granular flux for the submerged-arc welding 
of stainless steel is also available with the appropriate 
Murex S.W.1 and S.W.2 filler wires. 


A complete service for automatic welding 


MUREX WELDING PROCESSES LTD. WALTHAM CROSS, HERTS. 
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Co progress, Industry needs to apply 








the latest technical know-how. In no 




















technology is this more true than in 




















that of welding. To meet this nee 
the British Welding Research Associ- 


ation has prepared a large number of 
























































booklets dealing with many aspects 





of welding — from design to inspec- 


ton. 


information 
on Welding 
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@ Drawing office 
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@ Production planning 


@ Colleges of 
Engineering and 


Technology 


please write for further 


information to Publications Officer of the 
BRITISH WELDING 


RESEARCH ASSOCIATION 
29 Park Crescent, London, W.! 
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Iustrated: 2 tons capacity 

Liquid Oxygen Storage Tank. Inner Vessel "x4" thick 
18/8 Ti Stainless Steel; jacket #” x4" thick Mild Steel 
Jacket space fitted with Expanding Derlite. Inner vessel 
tested 100 p.s.i. Jacket tested 30 p.s.i. for -01 mm. Hg 
working vacuum. The illustration shows the vessel set 
up for vacuum tests for Air Products Limited for the 
Admiralty 


Welded 
PRESSURE & 
VACUUM VESSELS 


in Stainless Steel, Mild Steel, 
Aluminium, Titanium 


BUTTERFIELD craftsmen carry out 
welding with the latest 

and most up-to-date equipment, 
and at all stages of fabrication 

it is supervised by experts 

to any of the recognised codes. 
This includes the highest 
specification demanded by 

Nuclear Energy Establishments 


W. P. Butterfield Ltd., P.O. Box 38, Shipley, Yorks. Tel. 52244 (8 lines) London and Branches 











ADVERTISERS’ INDEX 


Anglo-Swedish Electric Welding Co. Ltd. 


Barnes, Douglas, Ltd ‘ 
Booth, John, & Sons Ltd. 
Braithwaite & Co. (Engineers) Ltd. 
British Industrial Gases Ltd 
British Insulated Callender’s Cables, Ltd. 
British Oxygen Gases Ltd. Outside back cover 
British Thomson-Houston Co. Ltd. 
Butterfield, W. P., Ltd 


(‘arborundum Co. Ltd., The 
Cooper & Turner Ltd 
Courtburn Positioners Ltd 


[istillers Co. Ltd., The 
Dorman Long (Steel) Ltd 


F lectrothermal Engineering Ltd 
English Electric Co. Ltd., The . 
Eutectic Welding Alloys Co. Ltd 


Flexello Castors & Wheels Ltd. 
(jeneral Electric Co. Ltd., The 
Hancock & Co. (Engineers) Ltd... 
Harvey, G. A., & Co. (London) Ltd. 
Head Wrightson Teesdale Ltd 
Hirst Electronic Ltd 
| !ford, Ltd. ; : : 
Imperial Chemical Industries, Ltd 
Invicta Electrodes, Ltd 
Jenkins, Robert, & Co. Ltd. Inside front co 


Johnson, Matthey & Co. Ltd 
Johnson, Richard, & Nephew, Ltd. 


K odak Ltd. 
Lincoln Electric Co. Ltd. 


arconi Instruments Ltd. . . 
Marshall, Thomas, & Son, Ltd. 
Marston Excelsior Ltd. 
Meritus (Barnet) Ltd. 
Mersey Cable Works Ltd. 
Metal and Pipeline Endurance Ltd. 
Metropolitan-Vickers Electrical Co. Ltd. 10, 
Milne, C. S., & Co. Ltd. 
Morris, B. O., Ltd. 
Murex Welding Processes, Ltd. 


Newton VictorLtd. . . ; 
Norton Grinding Wheel Co. Ltd. 24 


Philips Electrical, Ltd. . 


Inside back cover 
Quasi-Arc Ltd. 


Robey & Co. Ltd. 
Rockweld, Ltd. 


Saturn Industrial Gases Ltd. i 
Smith, Hugh, & Co. (Possil) Ltd. 
Spencer Wire Co. Ltd., The 
Stainless Steel Profile Cutters Ltd. 
Suffolk lron Foundry Ltd 


Welding Industries Ltd. : 
Wiggin, Henry, & Co. Ltd. 


Y ates Plant Ltd. 


Published by Tue INstrruTe Of WeipinG, 54 Princes Gate, London, S.W.7 
Made and Printed by Percy Lund, Humphries & Co. Ltd... London and Bradford 





NOW 
PHILIPS 


introduce 


: M a ” 
‘bare wire’ . 


" or oy ; ‘ iy 
CO> welding : ; CMA Vehicle chassis members fabricated 
ee : ae oh aa aaa 


(Photo by courtesy of John Thompson 
Motor Pressings Ltd.) 


to Britain 


Philips AUTOMATIC CO, 

bare wire welding process is now 
available for immediate delivery 

in Britain. With this machine you 
can speed up mass production of 
welded parts, for example main 
chassis members, bottled gas cylinders, 
car wheels. And you can get welds 
protected from nitrogen and 
hydrogen by an atmosphere of CO, 
— which costs only a fraction of the 
price of argon. The absence of 
coating reduces the absorption of 


hydrogen, too. 


Speeding-up of production processes 
with the automatic welding machine 


i 
zi ‘ 


cuts labour costs, and a further qn i 
will 


economy is ensured since there is ' 
no need, with this process, to hold 

stocks of different powders. In fact, 

if you’re looking for an answer to 

your production problems, you’ll 

find it in the speed, strength, 

economy and adaptability of 

Philips Bare Wire CO, welding. 


. oa : : 
For further information about Tombs] PHILIPS ELECTRICAL LTD 
the process or about Philips 
automatic welding machine INDUSTRIAL EQUIPMENT DIVISION 


(a product of N.V. Philips, 
Hindheven), write io: Century House: Shaftesbury Avenue-London WC2-GERrard 7777 


Inside back cover 
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Always ask for 4 Va 


‘““ALDA” 


rods and fluxes 


BRITISH OXYGEN SUPPLY ALDA 
the famous range of rods 

and fluxes. And a complete range 

of welding accessories— 

from goggles and gloves 


to friction lighters and wire brushes 
—— > 


- ALWAYS ASK FOR ALDA. 

4 k—— Write for tully illustrated literatur 
«a => °o rite or fully liiustratec iterature. 
ine 

sc 
i= *tiLoine faut 


eet 


KO) BRITISH OXYGEN 


Outside ba 


British Oxygen Gases Ltd., Industria! Division, Spencer House, 27 St James's Place, London, s.W.1. 








